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My present invention relates to frequency
changing circuits, and more particularly to com-
bined local oscillator-first detector circuits adapt-
ed to receive radio signals.

Combined oscillator-detector circuits, or con-
verter circuits, are known in the prior art for
superheterodyne receivers. In such converter
circuits it is customary to employ a tickler coil
in the local oscillator portion of the converter
network to secure the regenerative feedback of

energy which provides the local oscillations..

Such a tickler coil, when utilized in a multi-range

receiving set, necessitates the use of a double

switching connection between the local oscillator
coils, which coils are used for the different ranges,
and the particular oscillator electrodes to which
the coils are connected.

It may be stated that it is one of the main
chjects of the present invention to provide a con-
verter network; and particularly one of the elec-
tron coupled type, wherein simplified switching
of the oscillator circuits for multi-range opera-
tion is seeured by eliminating the use of a tickler
coil, the oscillator electrode coupling being solely
capacitative, and being provided by disposing the
oscillator ancde and oscillator control grid in the
converter tube in such a manner that the two
electrodes are in similar phase with respect to
their alternating voltages when connected for
oscillation generation.

Tt is another important object of this inven-
tion to provide a converter of the electron cou-
pled type, the converter being characterized by
the disposition of the oscillator anode electrode

" and the oscillator grid electrode in a region re-

ceiving an electron flow tending to be independ-
ent of the oscillator electrode potentials, the
oscillator anode being disposed  closer to the
cathode than the oscillator grid, and the signal
grid being disposed outside this region, the elec-
trode construction creating a negative trans-
conductance between the oscillator anode and
the oscillator grid and thereby permitting oscil-
1ations to be produced by merely providing a ca-
pacity connection between the two oscillator elec-
trodes to maintain them in similar phase with
respect to their radio. frequency components of
potential.

" Another object of the invention is to provide
s, converter of the electron coupled type wherein
the oscillator electrodes are so geometrically re-
lated to each other and the remaining electrodes
of the tube that a negative transconductance is

_created between the .oscillator electrodes, the sig~
nal grid being surrounded by a screen of positive

(CL 250—20)

potential disposed between the plate and the os-
cillator grid thereby permitting the use of auto-
matic volume control bias potential on the sig-
nal grid to vary the conversion gain of the con-
verter tube without reducing the strength of the 5
locally produced oscillations.

Still other objects of the present invention are
to improve combined oscillator-first detector cir-
cuits of present superheterodyne receivers, and
more specifically to provide such converter cir- 10
cuits which are not only reliable in operation, but
economically constructed and assembled in radio
receivers, ’

The novel features which I believe to be char-
acteristic of my invention are set forth in par- 15
ticularity in the appended claims. The invention
itself, however, both as to its organization and
method of operation, will best be understood by
reference to the following description taken in
connection with the drawing, in which I have 20
indicated diagrammatically several circuit organ-
izations whereby my invention may be carried
into effect.

In the drawing:— ’

g, 1 diagrammatically shows & superhetero-~ 25
dyne recéiver embodying the invention,

Fig. 1A shows a fragmentary portion of the
system shown in Fig. 1, embodying a wave range
switching device, , _

Fig. 2 shows a modified form of converter tube, 3

Fig. 3 shows still another modification of the
invention.

Referring rniow to the accompanying drawing,
wherein like reference characters in the differ- .
ent figures represent similar circuit elements,” 35
there is shown in Fig. 1 a superheterodyne re-
ceiver of conventional construction, except for
the converter network. This receiver embodies
the usual intermediate frequency amplifier pre-
ceded by a combined local oscillator-first de-
tector circuit, and followed by a second detector.
The output of the second detector is impressed
upon an audio amplifier network, and the latter
may comprise one, or more, stages of audio am-
plification and/or a reproducer of any well known
type. The signal input circuit of the converter
tube 2RT comprises a tunable signal circuit in-
cluding coil | and variable tuning condenser 2,
the high alternating voltage side of the input -
circuit being connected to a signal collector, such
a5.an antéenna circuit. The low alternating volt-
age side of the input circuit is connected to
ground through a source of negative grid biasing
voltage N. 'The signal output circuit of the con-
verter tube comprises the usual intermediate fre-
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be taken as the reference
The :plate of the tube:

s

quency coupling transformer M. having its pri-

‘mary and.secondary windings tuned to the oper-

ating intermediate frequency. Since these va-

- rious networks of a superheterodyne receiver are

well known to those skilled in the art, the specific
construction of the tube 2R17, and its associated
circuits, will now be described in detail.

'The converter tube comprises a cathode C of
the indirectly heated type, whose potential will
] point- and indicated
by -the ground symbol.

is designated by .the reférence character P, and

‘15

- posed five cold electrodes G1 to Gs inclusive. -
tween the electrode Gz and the cathode there is .

this plate -is connected to the high ‘alternating
voltage side of the primary circuit of transfornier
M. The plate P is connected to the positive ter-

minal of a voltage source B, the latter not being -

shown to preserve simplicity of disclosure. Be-~
tween the cathode C and the plate P are dis-
Be-~

- disposed.: the signal grid Gi, and the signal grid

is connected to the high alternating voltage side
of the thnable signal input circuit. o

. The reference. character Gz denotes the local
oscillator.. anode electrode, while the reference

- character Gs denotes the local oscillator grid

.30

“which is disposed between the electrode Gs and
- the positive screen electrode Gs. It will be noted
“that each of the grids Gi and Gs is represented
by a zigzag line; the positive screen electrodes’

are denoted by short parallel:lines and the oscil-
lator anode Gs is denoted by a line of small

. circles.” These symbolic - reprepresentations are

!)5'
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employed throughoeut the remainder of the draw-
ing:.to’ denote these various. electrodes. “The

screen electrodes Gz and Gs .are connected ‘to.

sources of positive voltage S, while the oscillator
grid Gs. is connected to. a source of negative

‘voltage through a leak resistor 3. The oseillator

anode Gz .iIs connected to a source of positive

.voltage O.through the tunable oscillator circuit

which includes ‘the eoil 4 and the variable tuning

‘condenser 5. “A’ conderiser § of "preferably large

capacity is connected between the oscillator grid

Ge and the oscillator anode Gs. The dotted line

T denotes a mechanical uni-control arrangement

connected be’tween‘the'rotors of the tuning con-_
‘densers 2 and 3. It will be understood, of course,
that the tunable signal cireuit and. the tunable.:
Jocal .oscillator circuit differ-from each: other at

- -all -times’ by " the operating intermediate fre-

55

-quency.. Again, the-input circuit t, 2 need not be
coupled to.the antenna, but may be breceded by -
' One, or more, stages of tunable radio frequency

amplification.

.~ The tube 2RT is éimilar in: principle to the

- 2AT1 type tube; the vpentagrid-converter, in that

760
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the: electrode Gz is a screen electrode, on both
sides of which control voltages act on the eléctron
stream flowing to.the plate P, However, the tube
differs from the 2A7T type ‘tube in that a: local

-oscillator system is employed which is of the"
_constant current type. The use of such ah oscil-:
lafor involves advantages which will be pointed..

out . below. R : :
The radio frequency potentials of electrodes

- Gz and Gq are of the same phase due to. the cou~

70

pling condenser 8, but the direct current poten--

tials'are not the same. A constant current, neg-
lecting: signal input; emerges from the screen

- electrode Ga, and divides between the electrode”
G3 on the one hand and the combination Gs-P
. on'the other hand. When G4 is more negative,
the flow of electrons to Gs—P is decreased, and

- . 78 -hence the electrode Gs takes up the extra current

-densers.

2,051,178 .

lost to the plate P and G5, Gince this constitutes
a'negative transconductance between Ga.and Gs,
the local oscillator- circuit is caused to oscillate
by the feedback condenser 6. As far as the effect
on-the plate current goes; the resultant effect of
electrodes Gz and. G4 is the same ag that of a
single control grid between electrodes Gz and Gs
supplied with local oscillator voltage. The elec-
trode Gs, if desired; may be omitted, or it may be
connected within the tube to the electrode Gs.
Its essential function is to provide a high out=
but impedance for the plate P, and. it is pointed

_ out-that this may, also, be accomplished by leav-
“inga large spacing between electrodes Gs and P.
The voltages N, S, 0 and B may be derived. from’

a_ single  potentiometer - connected across the:

Usual power supply system. Instead of operat-
ing the oscillator grid G+ from an ‘external source:

of negative voltage through leak 3, it is also

within the scope of the present invention.to con-
nect' the oscillator grid to a self bias resistor in
the cathode.lead. - This is, also, true in connec-
tion with the bias voltage N, since the usual grid

_biasing network may be disposed in the cathode

lead ‘to provide the negative voltage for signal

grid Gu. . The reference character 8 denotes the
usual connector cap provided on -the. converter
tube. RO :

tance between the oscillator ancde and grid is
negative, a-coupling condenser 6 is sufficient to
provide: the feedback for oscillation. It is“not

- necessary. to utilize a feedback coil to provide the
proper regenerative phase relationship, as. in the

case of circuits known in the prior art of this
type.  Because of this present construction, only
a single -connection may be utilized between the
oscillator anode G; and:the tunable-oscillator cir-
cuit.  "The value of this single
tage is in the case where the converter network is

-employed in an “all-wave” set. : ,
- In Fig. 1A there is shown a fragmentary por-
“tion-of a multi-range set using the converter net-

work in Fig.- 1, only the electrodes: Gz and:G4 be-
ing shown. .“The numeral 4’ designates a tuning
coil arranged to be connected in shunt with the
coil 4, a switch 5’ being utilized to make the shunt
connection. When the switch is open, then varia-

It will be observed that rsinc'e the transconduc- -

connection.advan- -
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tion of the tuning condenser 5 will result intun- - -

ing the local oscillator through the broadcast
range, or more generally. the longer wave length
range, of local oscillation frequencies. When the
switch &’ is closed, the smaller tuning coil ‘4" is

connected in shunt with coil 4, and variation of

condenser § will then tune the local oscillator net-
work - through the shorter wave length range of
local oscillation. frequencies.- It will ‘be .observed

that to change from the long wave range to the.

short wave range it is only. necessary -to-manipu-
late the single switch 5.
tage over the prior art, wherein two connections
would have to be changed, and this advantage is

“.secured by virture of the construction of the tube

2R1, - ; : S
The local oscillator circuit can readily be re-
arranged . to ‘allow grounding the tuning con-

This is'a. distinct advan-.

50
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For example, the tuned-circuit may be -

but between Gs and ground (in place of leak 3) - S

while :a radio. frequency: choke. is. connected be-

‘tween Gs and the source 6f positive potential in

place of the tuned eircuit. "In"general, the condi-

tions necessary ‘to produce oscillation ‘are merely

quency ‘potentials, to provide g, tuned (anti-res-~

- Onant) circuit or its equivalent such as a crystal

‘to connect Gs and G together as to radio fre- =
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between one of these electrodes and the cathode,
and to maintain the direct potential of Gs some-
what negative, and the direct potential of Gs posi-
tive. In actual practice, the total number of
prongs to be used for tube 2RT may be redtced
by utilizing the construction shown in Fig. 2, es-
pecially if high frequencies are to be generated.

Tt will be observed that in this construction the
coupling condenser 6 of Fig. 1 is replaced by the
inherent capacity 6’, shown in dotted lines, be-
tween the oscillator anode Ga and the oscillator
grid G«. The leak return 3 is disposed within the
tube enevolope, and is connected to the cathode C.
It will be observed that only seven prongs need be
utilized in connection with the tube. Only a
small capacity coupling is required because at very
high frequencies it is sufficient, while at medium
frequencies the high circuit impedances make a
small coupling sufficient. )

When it is desired to regulate the gain of the
tube 2R1T in dependence upon the received signal
amplitude, thus providing automatic volume con-
trol, it is only necessary to re-arrange the elec-
trodes of the tube in the manner shown in Fig. 3.
In this case the sighal grid Gi is disposed between
the positive screen electrodes Gz and Gs. The two
screen electrodes may be connected together to a
common source of positive voltage S. The oscil-
lator anode Gz is disposed between the oscillator

grid G4 and a positive cold electrode Gs, the latter

being constructed in a manner similar to the
other two positive screen electrodes. The elec-
trode G is disposed adjacent the cathode C.. The
three screen electrodes Gs, Gz and Gs may be con-
nected to the same voltage source S, unless ‘Ge
is located rather close to the cathode.

The normal negative bias on the signal grid G:
is secured by disposing the usual grid biasing net-
work 20 in the grounded lead of cathode C, and in
this modification the positive voltage is supplied
to the oscillator anode Gz through a choke 21
which parallels the tunable oscillator circuit 4, 6.
The low alternating voltage side of -the tunable
oscillator circuit is grounded. A condenser 22
connects the oscillator anode side of coil 21 to the
high alternating voltage side of the tunable cir-
cuit 4, 5, and the plate P receives its positive volt-
age from the source B, as in the case of Fig. 1.

The AVC voltage is supplied to the signal grid
G1 through any desired type of automatic volume

“control circuit, and in Fig. 3 the usual AVC rec-

tifier is represented by a square, the negative side
of the impedance (not shown) which develops the
control voltage being connected by the AVC lead

~ to the low alternating voltage side of the tunable
"signal circuit I, 2. The AVC network is grounded-

in order to provide a path for the fixed negative
bias impressed on the signal grid Gi, and numer-
als 30 and 30’ designate the pulsating current
filter elements usually employed in the AVC net-
work., It is to be clearly understood that the in-
vention is not limited to the use of any specific
type of AVC circuit, but that the legend “AVC
rectifier” is intended to represent any well known
form of rectifier circuit which is adapted to con-
vert the received signal energy into a direct cur-
rent voltage proportional to the amplitude of
the received signalenergy at all times.

In this way the negative bias of the signal grid

G1 is increased when received signal amplitude '

increases, and is decreased when the signal am-
plitude decreases. Thus, the gain of tube 2RT is
a maximum when weak signals are received, and is
a minimum when strong signals are received, this
gain variation resulting in a compensation of

fading effects and othet undesired effects.  Since
those skilled in the art are well acquainted with
the types of AVC systems which may be employed
in the arrangement shown in Fig. 3, it is not be-
lieved necessary to make any further descrlptlon
of this elemént of the receiving system. .

The arrangement shown in Fig. 3 permits the
automatic volume control voltage to be applied to
the signal grid G: without. reducing the strength
of the local oscillations generated.. This is s¢ be-
cause the electron current to the oscillator elec-
trodes is not reduced by placing a large negative
bias on Gi. Large bias on Gi merely prevents
current from reaching the plate, the loss of plate
current being compensated by the increase of
current to Ge.

In each of the arrangements shown in thls ap-
plication the frequency changing function, or
heterodyning function, is accomplished by elec-
tron coupling. . It will be observed that, as in Fig.
1; the electron stream emanated from the cathode
C to the plate P is modulated in accordance with
the signal currents impressed upon signal grid
Gh1. These modulated electron currents are fur-
ther affected by the oscillations generated in the
local oscillator section of the tube. The resultant
of these effects on the electron stream is applied
to the plate P.  The various frequencies produced

in the circuit associated with the plate P are re-.

jected with the exceptmn of the mtermedlate
frequency.

In the case of Fig. 3 the reverse a,ctmn takes
place; that is. to say, the signal currents modulate
the oscillation frequency-modulated electron cur-
rents flowing to the plate P. It is to be clearly
understood that these aforementioned statements
concerning the nature of the frequency changing
action of tube 2RT are merely explanatory and
theoretical in nature. Reference is made to the
application of J. C. Smith, Serial No. 654,421,
filed January 31, 1933 for a more detailed explana-
tion of the frequency changing phenomenon
which occurs in the 2A7 or pentagrid converter
tube.

While I have indicated and described several
systems for carrying my invention into effect, it
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will be apparent to one skilled in the art that my -

invention is by no means limited to the particular
organizations shown and described, but that
many modifications may be made without depart-
ing from the scope of my invention, as set forth
in the appended claims.

What I claim is:—

1. In combination, an electron d1scharge tube
comprising a tube envelope of the evacuated type,
a cathode disposed within the tube envelope; a
plate disposed within the tube envelope and spaced
from said cathode, at least five cold electrodes
disposed between said cathode and plate, one of

50°

60

said cold electrodes being adapted to function as -

an oscillator anode, a second of said cold ‘elec-

" trodes being adapted to function as an oscillator

grid and being disposed between the oscillator
anode and the said plate, means -for positively
charging two of said cold electrodes and surround-
ing the oscillator anode and oscillator grid with a
positive potential surface, the other of said cold:
electrodes being adapted to function as a signal
grid and being disposed outside said positive sur-
face, means for impresing a. modulated carrier fre-
quency voltage on said signal grid, a circuit tun-
able to a local oscillation frequency connected to
said oscillator anode, and means including - the
inherent capacity between said oscillator anode

65.
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‘and. oscillator grid: to provide: coupling between

“these last two named: electrodes;

2. In combination, an electron discharge tube
comprising a tube envelope: of the evacuated type,
a cathode disposed- within' the tube envelope, a

_plate disposed within.the tube envelope and:spaced-

from said cathode, at least five'cold electrodes:dis~

- -posed between said cathode and plate; one of said

-16¢
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cold electrodes being adapted to function as an’
oscillator anode, a second of said.cold electrodes.
being adapted to function as anoscillator grid-and:
: being - disposed between: the oscillator anode and:
- the'said plate, ‘two of said cold electrodes being
- positively charged and surrounding the oscillator:
5 ~anodeand oscillator grid, means for applying said

positive. charge, the other of said cold electrodes

~being adapted to function as a signal grid, a leak
resistor disposed within said tube envelope con--

nected between the said oscillator grid and said

‘cathode, a circuit. tunable to the incoming signal

frequency connected between said signal-grid-and
cathode, and a circuit tunable to a local oscilla-
tion frequency coupled to said oscillator anode,

and said oscillator grid having a negative trans--
‘conductance with respect to the oscillator anode.

3. In combination, an electron discharge tube
comprising a: tube envelope of the evacuated type,
. cathode disposed within the ‘tube envelope; a
plate disposed within the tube envelope and
spaced from said cathode, at least.five cold elec~
trodes disposed between said cathode and:plate,

one of said cold electrodes being adapted to func-
tion as an oscillator anode, a second of said cold:
“electrodes. being -adapted. to function as ‘an- oscil-
-lator grid and being :disposed: between the oscil-

-- lator anode and the said plate, two of said cold
"~ electrodes  being-- positively charged: and- sur-

_vided bstween

50
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rounding the oscillator anode and oscillator. grid,

- means for applying said- positive charge to the
40
* said tube having associated with it-a tunable sig- -

said two.electrodes, the other of said cold elec-
trodes being adapted to function as-a signal grig,

nal input circuit connected between said cathode
and said signal grid, a tunable local oscillation
circuit connected to one of said. oscillator elec-
trodes, and solely capacity coupling being. pro-
said: oscﬂlator anode and said
oscﬂlator grid..

4.°In a multi-range: converter c1rcu1t a con-
verter tube of the type including a cathode, signal
grid and a plate, a beat frequency circuit..con=

nected to-said -plate, and-a sighal. irput ‘circuit .
- connected between the signal grid and cathode, a -

pair of oscillator electrodes disposed in the elec-
tron stream between the cathode and nlate, said
oscillator: electredes. . comprising -an electrode
adapted to function as .an oscillator anode, and

‘2,051, 178

an electrode adapted to: function as an oscillator
grid, said oscillator anode being disposed closer

to the cathode than-the-oscillator grid, a'constant:
positive petential “screen ‘disposed between said:

cathode: and oscillator anode for producing a
negative transconductance between said oscillg-

~tor electrodes,- means providing purely capacity

coupling: between ;the two: oscillator ‘electrodes; a
tunable local oscillator network.connected to at

least onerof said oscillator electrodes; said tunable:

network consisting of a variable tuning condenser,
a plurality of- coils: having. different inductances
and means whereby one only or two of said coils

5
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may be:connected in: shunt with said condenser.”

5. An electron discharge tube comprising a tube

envelope of the evacuated type, a cathode disposed
within, the tube envelope, a:plate disposed- within

the tube envelope and spaced from said.cathode,”

at least five cold electrodes disposed between said
cathode and plate, one of said cold electrodes be-

“ing adapted to function as.an oscillator: anode; a

second of said-cold electrodes being adapted: to

20

function as an oscillator grid:and being disposed.

between-the oscillator anode and the said plate,
two -of said cold -electrodes -being positively
charged and surrounding-the oscillator anode and
oscillator. grid, means-for. applying said positive

charge, the other of said cold electrodes being’

adapted to function:as a:signal'grid and being dis=

posed between said oscillator grid and plate, said ¢

tube having associated therewith a-signal: input

cathode; a tunable- oscillator circuit connected to
one . of ‘said oscillator. electrodes, and -an' auto-

matic’ volume control network-electrically ‘asso-.

25

circuit connected between: the signal grid and the - ‘

ciated with said. signal grid for sutomatically
varying the conversion: gain:of. the tubein re- . -
sponse to vanamons m the recelved s1gnal ampli- :

tude.-

6. A frequency convertmg dewce comprlsmgv

the combination: of g vacuum tube having. a
cathode, an oscillator anode, a grid located be-
tween said cathode and anode, means for apply-

ing a" positive potential to said grid, a-plate, an

oscillator grid. located between said--oscillator
anode and plate and arranged to have a.negative

oscillator grid-and-anode,a circuit tuned-to a local
oscillation ~frequency -coupled- to- said - oscillator
ancde, said circuit being caused:to oscillate by the

45

‘transconductance with respect to said-oscillator -
anode, a signal control grid, a:capacitively re--
active feedback circuit connected ‘between- said -

50

feedback through said capacitively reactive cir-

cuit, & circuit tuned:to an incoming signal-fre-

quency coupled tosaid signal control grid.and an.~ -

output circuit connected: to said plate.

65
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