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‘Mg présent invention ‘generally-relates:to-elec-
trical ‘systems for producing-waves-of -high:fre-
quency; and’- more: particularly - pertains: to-
méthods of, and means-for; receiving- modulated -

5i-highi frequency waves. -

Akis well' known the:heterodyne method-of Te-
ception consists in-combining incoming: high- fre-=
quency-currents with a‘locslly generated current
of a frequency which’ differs‘from-that of the-re-

105 ceived current by an amount which may lie with-
in the’ andible; or- the super-audible, frequency™
range. 'The superhetérodyne- method of recep-
tion- utilizes a-beat; or intérmediate, frequency
which lies within the super-audible range, and in

15+ 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 tubs-and associated circuits, that
is- an ‘autodyhe: method; for- producing -the local

ogicscilldtions and heterodyning the signal currents -

with' thee locally generated currents-to create the
beat frequency” currénts. However, suchcom-
binjed‘loca,l'"oscillator—fredu'ency'changer', or com-
posite* fifst detector-oscillator, arrangements

~have-in-the pastbeen economical expedients rath-
erthan exsniples-of improved' téchnigque:  Such
composité detéctor-osciilator ‘arrangenients have
not, as far as operating performance i§‘concerned,
béen: comparable”to * superhétérodyne” receivers
which utilized a~special’ tube-for ‘producing-the
loeal oscillations.”

Careful’ analysis® of- composite detector-oscil~
lator-cireuits which have hitherto been’ proposed
reveals-the “fact that one of-‘the primary reasons

of “‘the- relatively poor:operation”of this type of

circuit Tesides in“a particular type-of distortion.
It can be shown-that when the incoming signal is
appliedto-the ‘cortiol grid circuit of a composite

_detector=oscillator of-the prior-art, signals of in~

tensity-sufficient t0 swing. the control grid highly-
positive are not faitlifully reproduced in the out-
put ‘circuit ‘'of the composite arrangement. That
is t6 say, and espécially in'the case ‘of modern
broadcast. receivers-of the superheterodyne type,

“sueh. composite arrangements of the prior art are

inherently- incapable-.of- detecting those compo-
nents of-a: modulated carrier wave which corre-
spond to-the higher:audio- frequencies.

. Accordingly, it is-one of the principal objects of

niy present-invention’ to:provide:a receivihg sys-
tem;.. operatings according:’ to. the heterodyne
metHod of ireception;: wherein modulated carrier
waves are detected:by: means of a composite: de~
55 tectoroscitlator which is so desighed::.that - its
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output comprises ‘a faithful reproduction”of ‘the”

modiilated carrier wavé impressed upon . its “input.
Considering the abovenentioned defect: inher+

ent in composité detector-oscillator circuits-of ‘the-
past, it ‘can be:showhthat ‘the electron discharge:
tubes which have been employed in such compos=-

iteccireuits were responsiblé for the- inability- of
the contpésite detector to-faithfally reproduce the

moduldted carrier wave- received. by -it. -- I have’
found that theé abdence of control grid curfent is*

an' essential’condition for ‘a composite detector-
oscillator of great fidelity; whett' the-incoming sig-
nalis applied to the control grid of the composite
circuit: .

Thus;'it-may'be stated that it is'an’ eqiiglly im--

portant cbject of the present invention to -pro-
vide a radio receiver of the hetérodyhe type; and
which' feceiver ‘employs atcomposite detector-os-

cillator- cirglit; wheréin:the composite circiiit:
utilizes an electron discharge’tube - ‘possessing’a’

10’

20

dynainic charadtéristic such'that the‘céntrol grid .

of the: tubé is’incapable of drawing’ current -
throughout the impression of signalivéltages upon-

the said: cotitrol grids- .

Tirdévising a stipérhéterodyne recéiver embody--
ing the composite first detector-oseillator -of the*

presént’ invention, it?his-'been- fotinds that the

radio - frequiency’ oscillation' ciredit - utilizéd: in- -
conjunction with the first. detector circuit): féeeds:

back energy froftitthe anodeé circuit theréof to'its

control grid circuit, and yet is easily adjustedto-

oscillate -without causiiig ‘control grid ‘eurréntito

flow. In otherwords, the présent invention fur--
thermore  provides a’meéthod ‘of, and means Tor;

producing oscillations- of - radio fréqiiencyin- a - g5+

¢ircuit employing a-tubé desigried in such a-man-
nef'that loading ‘'of 'the ‘output'cireuit of the os-

cillator results in-a’dynatnic: chafacteristic whose"

upBer: bend, of satiration point, lies-in“the negh=

tive region of the control/grid voltage swings.:
The: present invention; additiorally; utilizés as

a practical embodiment of ‘the aforeniéntivhed

dynaiic’ characteristic, a® circiiit ~employing - an-

electron’ discharge tube provided: with five eléc~
trodés, a seréen-grid of positive poténtial commen=
surate:withithat of the ‘afiode poténtial beitig/eni
ployed; and a shield ‘grid,: at’cathodé potential;

being disposed between the anode-and sereen‘grid.:
Such: a five:electrode tibe, ‘also referred toras a’

radio frequency 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 pronolinced third order‘effect in ‘the
characteristic:relatingicontrol*grid: voltage to: al=

ternating current load voltage;and this third: o=
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-each value ps.
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characteristic lies.within therregative:region:of:
Obviously; the-use>of:an:
extremely- High' value-of: platespotentiak:in:cons-
nection with a tiibe constructed-and désigned:to:
normally :operate: at'a plate:potential value:far:
below-the value representedin-curve:l;is:not-only:
dangerous.but results in-an-extremely-small span:

grid -potentidal values.

of life: for:the tube.

Considering: the: dynamic characteristic:A O B:
it-will be observed that theupper saturatior:point:
also lies. in the: positive region:of. grid:itpotential:
variation. Cléarly, as the external:plate resist=-
ance of the triode oscillation circuit:is-decreased-

the upper:saturation: point of-the curve' & OB will
be merely-shifted upwards, but:will still:lie: with=

in the positive-region:of grid:potential: valnes;.
while-if the external-plate-resistance: were in=-
creased: the saturation:- point.would: be: shifted:

downwards; but:still lie: within the: aforesaid pos-.
itive.. region.

viewpoint, the: operating chara‘cteristic‘: of:a.tri=
ode employed in an oscillation circuit; when nor=

mally operating potentials:are used, possesses:an:.
upper: saturationpoint’ lying within the positive:

region of ‘grid-potential :values.

In order to clearly represent the effect: of” ax
dynamic characteristic, such.as: A’ O"B;. on a:.

composite. fitst. detector-oscillator: circuit,. there
iz shown in the lower portion of Fig. 1: three:

groups of oscillations.. The group designated -as-

“Local oscillations” represents two cycles.of lo=

cal oscillation voltage variation produced-in:the-
cutput circuit of the composite detector=oscilla= -
tor. Obviously, assuming a normal grid potential:
E. lecatediat point.0 on curve on curve-A O Bj.
the. voltage swings of the:locally-generated ' 0s--

cillations should vary-between:a minimum negas=-
tive valiie 'z, determined by the lower: saturation

point A; and &’ maximum positive value nzo;. de=-

termined by the upper saturation-point:B:
Actually, however, the maximum-positive swing

of the locally generated voltage is found:te be-

some value o less positive: than: the- value:- mo.:
This reduction of peak value, diring the-positive

half of the locally generated:voltage:swing; is-
caused by the flow of grid current between the:
conirol grid ‘and cathode of the:oscillating triode..
In other words, it: will be seeny that :the:locally:
generated voltage peaks are “cut-off” during the:

positive hialf ‘of the-voltage swings.
Consider, next, the group of oscillations:desig-
nated: as- “Signal’ oscillations!”

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
The third group of oscillations is
designated as “Intermediate frequency oscilla-
tions”, and represents the resultant beat fre-
quency voltage variations.
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-

oseillations: shown . in Fig. 1, from a.qualitative.

Hence; it- will: be. observed: that;.
whether - considered ' from.the dynamie .or: static.

It is: assumed:
that there is impressed upon the: control:grid-of/

In.other. words, the-

view:point:it:will:be:seen: that; die-to:the:reducs-

tion: of rpositive peak: value-of locally-generated:

voltages from:my.t0 s, there-is: produced: a:cors -
responding; rediction: at -points:along: the inters.
mediate: frequency: voltage:swings: corresponding:

to:points:ps ofithe:signal.voltage swings. Thatds:

to:say; ifithe .positive-half cycle represented by
the:symbol: ¥+ of :intermediate. frequency -oscilla~
tions: corresponds:to-the: positive: half: cycle.Y!
of:ither signaloscillations;. the: peak: value of the:
positive:half cycle Y’ will-be: represented:by-the-
symbol:2/x:-instead=of ‘the-value-p! ..

This decrease in intermediate frequency-peak:
value:at:points of ‘maximum: intensity-results be-
cause-of the “cutting off”’ of the peaks.at points..
me..ofi the-locally: generated . oscillations.
decrease:in peakivalue.of maximum intermediate.

frequency - intensity: points: does : not: affect. the-

adjacent: value: of¢ intermediate- frequency: in-

tensity: S’n. That:is, the:positive voltage swing-2

at-point: Ss of the signal oscillation does:not carry:
the control:igrid of the-oscillating. triode suffi+
ciently: positive-to:.draw:-grid:current, and: hence:
the:valie: 8% is»a:faithful reproduction of the
signal. voltage value S impressed:on the:control
grid.

However, it: will’ be noted:ithat’ the points: of~
maximum: signal:intensity apparently: appear to
have the same intermediate: frequency intensity:
as:immediately- adjacent: points. of ‘lower: signal
intensity Sy It:will, therefore, be seen:that the
intermediaté:frequency: output:of the:composite-
deteetor-oseillator: wilk: not: faithfully -reproduce:
the wave:form:impressed upon its-input, as-re-
gards: 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-eurves- 2, 3; 4, and 5.
is-employed. Itiis-repeated:that the static char-.
acteristic represented:by curve 1 cannot be con-
sidered: since- the:- plate: potential represented: by
it:is-out-of the-questionwhen considering a:tube.
employing-normal operating potentials. far below:
those represented by curve:l:

From-the aforegoing analysis: it will be appre-
ciated” that: the -defect deseribediin Fig. 1°can
readily- be - eliminated : by utilizing - a- tube -which

has:a-dynamié¢ charaeteristic; the tube operating:

atnormal potentials in-the-sense that conven-
tional values .are:used; as-shown in-Fig. la. The:
tube-whose dynami¢ characteristic is represented
in- Fig; la is'a radio frequency: pentode- tube
(such as the A—418), and possesses:to: a:greater
degree - than- is» found:in’ various other-types of
tubes a-pronounced third ‘order effect; This third
order- efféct: exists - by. virtue of normal: pentode:
properties which: may:be-employed :safely; rather-
than-by: virtue -of uncertain -properties-of-a-simi-
lar-nature which' are: fourid in connection: with-
other -types of tubes: TFor:example, the: normal
operating potentials: of the:type-of tube: repre-
sented in Fig: la.includés 90: volts:for the plate:
potential; 90. volts. for the:screen grid potential
and: —b5 volts: for-the-control ‘grid 'bias:

Tt 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 7

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

This::
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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-cscillator of the present
invention when the incoming sxgnal is applied to
the control grid circuit.

In Fig. 2 there is shown a mrcult 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. la, the tube being rep-
resented by the numeral 1. 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 Li. 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
usual 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, §’ 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
for uni-control, as shown by the dotted line, and

it is to be clearly understood that any arrange--

ment 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, 8’ constantly equal to the desired
intermediate 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 1., thus providing a means for
permitting local oscillation potentials to be im-
pressed upon the control grid of the pentode tube
1. The fixed condenser 10 is connected in series

5 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 10 and
the variable condenser 9’ is grounded.

Bias for the control grid of the tube is secured
by means of a resistor 1!, shunted by a con-
denser 12, 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 13 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 14 is
disposed between the anode and screen grid 13, 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 medification 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 Pig. 2. It will be observed that in both the ar-
rangements shown in Figs. 2 and 3, the coupling
coil Liis 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 1, and determining the dynamic
characteristic shown in Fig. 1a, are so involved as
to make desirable the use of mathematical for-
mulae in elucidating the laws 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

’ ©
2
is applied across the coil Ly in the control grid
circuit of the pentode tube 1, and in whose plate
circuit there is disposed a tuned impedance

(wLy?
=)

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 71 in Fig. 2 has
plate -and screen voltages applied to it of values
such as 90 volts, and the load resistance

(wL)?
R
is equal to substantially 50,000 ohms or more, the

interceptsvof the corresponding load line drawn
on a family of Iy v. Ep characteristics for various
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often employed in conjunction with grid current
:phenomena. It is also to be noted that the pen-

negative grid potentials show a characteristic.re-
Jating ‘plate .current to control ;grid voltage as
:$hown:in Fig. 1a.

“Employing ‘B volts .control grid bias, as:shown

in Fig. la, with a.grid swing of ‘A peak volts, the

:plate -current, and ‘hence ‘the signal .potential

:across. the load

(wL)’
B
may be closely represented by the following ex-
pression:
i=a A sin wt—c(A sin «#).
Expanding the second term of the aforegoing
expression, there is secured:
3/,cA8 sin wt—1/4cA%:sin 3wt.
Thus, it will-be seen that the second term sub-
tracts 34cA3 from aA as regards the.plate current

ab

@

27
This subtractive -quantity increases-as-the- cube
of the applied signal-magnitude 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 pe-as the amplification from grid

-circuit to lead impedance, then wo 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 zo were plotted as ordinates against
A as abscissae, then o 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 L1, and obtain the signal potential across

“La by coupling I to coil“8, resulting in Mi, the

phase heing such that self-oscillation is possible.

‘Let the oscillator potential in the grid circuit

(and of course across Li) be A and also'let wo
apply at -A. ~Then, the amplification of A ap-
pearing across coil 9§ is woA, and the _current
through the coil9 is

psA

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
oA
L
This -potential -is ‘A, -at -grid circuit potential.
From -this relationship therz necessarily follows

that:

~It then follows that the-oscillation strength in

‘the grid circuit-of tube T will be -automatically

Jimited to-a value whereat
L

Eo=Tpr

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-

-guency -pentode oscillator of - the plate to grid
s ‘feed-back type which is self-limited without-grid

current, and without plate-current-saturation as

D

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-
.Ve_antiona,l 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 frequenecy, 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 megative region of signal
grid voltage variation, said tube having its elec-
trodes maintained -at their normal operating-po-
tentials. .

9."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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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 tc the
usual cathode, ‘control grid and anode at least
one cold electrode so related to the other elec-
trodes that the tubé possesses a pronounced
third order effect in its dynamic signal grid volt-
age-plate current characteristic at normal oper-
ating 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
erid 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
2 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 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 regenerat-ilve)y
coupling the anode circuit and the signal input:
network, a network in the anode circuit resonant:
tc 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 sighal
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 intermedate 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 cathede and signal
grid, a coupling between the said input circuit and
one of the cold electrodes of said tube other than

. sald 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 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.

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 ofher
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 po-
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, & 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 po-
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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