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Patented June 28, 1938 

UNITED STATES 

2,122.283 

PATENT OFFICE 
2,122.283 

FREQUENCY CONVERTER, 
William A. Harris, Nutley, N. J., assignor to 

Radio Corporation of America, a corporation of 
Delaware 

Application March 9, 1937, Serial No. 129,777 
6 Claims. 

This invention relates to vacuum tube circuit.S 
and more particularly to such circuits wherein OS 
cillations from two sources or channels are united 
through a Suitable mixing means to provide a 
beat or common output Signal. 

It is customary, in certain types of receivers, 
Such as a Super-heterodyne circuit, to employ 
a multi-grid converter or frequency changing 
tube to combine two different signals, such as a 
radio signal and the local Oscillator signal, and 
to apply the resultant beat frequency signal to 
an output circuit, Such as the intermediate fre 
quency amplifier. In these frequency changing 
circuits difficulties have heretofore been ex 
perienced in preventing interaction between the 
circuits. Where the multi-grid tube is used as a 
beat frequency OScillator, it is of Special in 
portance that the two oscillator circuits be un 
affected by each other, in order to prevent the 
circuits from pulling together when the separa 
tion of the frequencies is Small. 

Accordingly, one of the objects of the present 
invention is to provide an improved signal trans 
mission System wherein oscillations from two 
signal channels may be combined and provided 
With an output circuit, without interaction the 
one upon the other, whereby said channels func 
tion independently of each other. 
A more Specific object is to provide an improved 

detector-oscillator system for a heterodyne type 
of receiver employing a single pentagrid electric 
discharge device as a combined detector and Os 
cillator. 
A further object is to provide an improved beat 

frequency oscillator wherein two signal channels, 
either or both of which may be a local regenera 
tive Oscillator, are mixed in a single multi-grid 
electric discharge device, the beat frequency 
being obtained in an output circuit, while each 
signal channel is maintained electrically inde 
pendent with respect to the other. 

In accordance With the invention, two signal 
channels are combined in a pentagrid electron 
discharge device which has, in the order named, 
a cathode, a first signal grid, an anode-grid, a. 
shielding grid, a second Signal grid, another 
shielding grid, and an output anode. The two 
signal grids are at negative potentials and the 
two shielding grids at a positive potential with 
1'espect to the cathode. The grids are interposed 
in the electronic stream between the cathode 
and output-anode in Series relation to each other, 
whereby the electronic stream traverses first the 
one signal grid and then the other. For eliminat 
ing or reducing the effect of the Signal voltage 

(C. 250-20) 
from one signal channel upon the other signal 
channel, there is provided, in one embodiment, 
a coil in series With the output anode circuit for 
inducing in said other channel a voltage which 
neutralizes or balances out the components pro 
duced in the signal grid directly associated with 
Said other channel by the first channel. Ac 
cording to another embodiment of the invention, 
there is provided in circuit with each signal chan 
nel, a separate coil associated with the electronic 
path of the electric discharge device for eliminat 
ing or reducing the effect of the signal voltage on 
said channel produced by the other channel. 
Stated in other words, and more specifically in ac 
cordance with the invention, two preferably nega 
tive and high input impedance signal grids are 
arranged in a common envelope of an electric 
discharge device to control, in series relation to 
each other, a common electronic stream, the 
grids being shielded one from the other by an 
other electrode, or other electrodes, at a posi 
tive potential, said signal grids being utilized to 
Operate at different signal frequencies, there 
being provided means external of the electric dis 
charge device for preventing interaction of the 
input circuits upon one another. 
One feature of the invention lies in the use of 

an additional balancing coil which is magnetical 
ly coupled to the output anode circuit for elimi 
nating or reducing the undesired effects of the 
OScillator frequency voltage in the output. 
A more detailed description of the invention 

follows, accompanied by drawings wherein: 
Fig. 1 illustrates the invention in simplified 

form, as applied to a superheterodyne receiving 
system; 

Fig. 2 illustrates another embodiment of the 
invention as applied to a beat frequency oscil 
lator having two regenerative local oscillators 
connected to the signal grids and supplied with 
energy from the single electric discharge device; 
and 

Fig. 3 illustrates a modification of the em 
bodiment of Fig. 1 provided with an additional 
coil coupled to the output circuit for reducing 
the undesired effects of the oscillator frequency 
upon the output circuit. 

Referring to Fig. 1, there is shown coupled to a 
combined first detector and oscillator pentagrid 
electric discharge device , a radio frequency 
Signal input channel 2 connected to a signal grid 
G4, a local oscillatory regenerative circuit 3 
Coupled to a signal grid G through a grid leak 
and condenser combination 4, and an output 
circuit comprising a condenser 5 and an induct- 55. 
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75. discharge device 

2 
ance coil 6 coupling the anode P on one end to 
an intermediate frequency signal output channel 
, and on the other end to the oscillatory circuit 

3 through a balancing coil 8. 
The device is a multi-grid device of the 

2A-7 or SA-7 type having within an evacuated 
envelope the usual cathode K heated by heater 
element H and an anode P between Which, in 
Series relation, along the electronic stream, are 
interposed five other electrodes or grid elements 
G, G-2, G3, G4, and G5, being respectively a 
negative signal grid, a positive anode-grid, a 
positive Screen grid, a negative signal grid, and 
a positive screen grid, both screen grids G3 and 
G5 being directly connected together, as shown. 
The second signal grid G4 is connected with the 
signal or radio frequency input channel through 
the secondary 0 of the input transformer , 
and the grid circuit therefor is returned to the 
cathode K through ground and a suitable bias 
ing resistor 2. 
The first control grid G is coupled through a 

Suitable grid leak 4 to the local oscillatory cir 
cuit, 3 which is regeneratively coupled back 
through coil 22 to the positive anode-grid G-2, 
for obtaining therefrom Suitable exciting poten 
tials. Local oscillatory circuit 3 is tuned to a 
desired frequency in order to produce in the out 
put circuit 5, 6 the desired intern ediate fre 
quency. 
The screen grid electrodes. G3, G5, are inter 

posed between the control electrodes G and G4, 
and also between G4 and the output anode P, and 
are operated at a positive potential from a Suitable 
Source, as indicated. 

It should be noted that any increase in the posi 
tive potential on signal grid G4 will increase the 
flow of electrons to the output-anode P. We can 
thus say that the transconductance between Sig 
nal grid G. and output anode P is positive, be 
cause of increase in electron flow to anode Pupon 
a positive increment of voltage on G4. Expressed 
in another way, SimCi-4, P is positive. Simul 
taneously an increase in the positive potential 
on G4 will cause a decrease in the flow of elec 
trons to the anode-grid. G2. It Will thus be seen 
that the transconductance between Signal grid 
G4 and anode-grid G2 is negative. Putting it 
another way, SimCi-4, G2 is negative. On the other 
hand, an increase in the positive potential on G. 
Will cause an increase in the electron flow to the 
output-anode P and also an increase in the elec 
tron flow to grid-anode G2. Thus, SimCA, P and 
SmG, G2 are both positive. To overcome the 
reaction of the radio frequency input signal ap 
plied to signal grid G4 on the oscillator circuit 3 
connected to grid G, there is provided a balanc 
ing coil 8 which is conductively connected to the 
output-anode P through coil 6 and is magneti 
cally coupled to the inductance of the oscillatory 
circuit 3 for producing in the local oscillatory 
circuit, neutralizing or balancing potentials of 
such phase and magnitude as to eliminate or 
reduce the effect of the radio frequency signal 
voltage on the CScillatory circuit applied to the 
oscillatory circuit through the interaction in the 
device. Coil 8 tends to increase the desired 
component of voltage of oscillatory frequency 
While eliminating the undesired component of 
signal frequency because of the positive and nega 
tive transconductances mentioned above. 

Fig. 2. ShoWS a paat frequency oscillator com 
prising tWo local CScillatory circuits generating 
different frequ&ncies and so coupled to the electric 

as to prevent one OScillatory 

2,122,283 
circuit from interacting upon the other, thus obvi 
atting any tendency for the two oscillators to pull 
or entrain together. This tendency of the Oscil 
latory circuits to pull together is especially notice 
able when the frequencies generated by the Sepa 
rate channels are very close together. The prin 
ciple of operation is similar to that which has been 
described above in connection with Fig. 1. 

In Fig. 2 both oscillatory circuits A and B are 
shown as consisting of a parallel combination of 
inductance coil and condenser, the inductance 
coil of each circuit being inductively coupled to 
three other coils, one of which is connected to 
a. Signal grid, the Second of Which to the Output 
anode circuit for obtaining regenerative potentials 
therefron, and a third of which is provided for 
producing the balancing or neutralizing effect 
to overcome interaction caused by the device. 

Oscillatory circuit A is coupled through coil 5 
to the signal grid G4 of the electric discharge de 
Vice , and obtains its regenerative potential from 
the output anode P through coil 6, and also from 
anode-grid G2 through coil f. When coils 6 
and 1 are connected in this regenerative sense, 
a Voltage on signal grid G produces an effect 
in circuit A, through the anode P and coil 6. 
At the same time the voltage on signal grid G. 
Will produce an opposite effect in circuit A, 
through the anode-grid G2 and coil 7. These 
two effects are made to be equal in magnitude by 
adjustment of the coupling or number of turns on 
the Coils and since the effects are of Opposite 
phase, the net Voltage produced on circuit A by 
the voltage on signal grid G is zero. Oscillatory 
circuit B is shown coupled to signal grid G by 
means of coil 20, and obtains its regenerative 
potentials from the anode P through coil 8 and 
also from anode-grid G2 through coil 9. When 
coils 8 and 9 are connected in this regenerative 
Sense, a voltage on grid G4 produces an effect in 
circuit B through the anode P and coil 8. At 
the same time the Voltage on signal grid G4 will 
produce an opposite effect in circuit B through the 
anode-grid. G2 and coil 9. These two effects are 
made to be equal in magnitude and Since they 
are of opposite phase, the net Voltage produced 
in circuit B by the Voltage on signal grid. G4 is 
Ze'O. 
The foregoing neutralizing effects of one signal 

channel. On the other WaS obtained by coupling 
coils 6 and 7 in opposite senses to circuit A, and 
by coupling coils 8 and 9 in the same sense to 
circuit B. 

In practice, when the System of Fig. 2 is set 
up, the various coils are coupled to the circuits 
A and B to give the desired amount of regenera 
tion, whereupon adjustments are made first in 
one circuit, either A or B, to produce the balanc 
ing or neutralizing Voltages to offset the effect 
of the other circuit, after which the adjustments 
are made in the other circuit to produce balancing 
or neutralizing voltages to offset the effect of the 
first circuit. 

Although OScillatory circuits A and B are 
shown inductively coupled to the control grids 
G4 and G, respectively, it is to be understood 
that, if desired, such inductive coupling coils 5 
and 29 may be eliminated and a direct coupling 
provided between the circuits A and B and the 
control grids in a manner somewhat similar to 
that shown in FigS. 1 and 3. 
One advantage in the particular arrangement 

ShoWn resides in the fact that the balancing cir 
cuits 7 and 9 tend to increase the desired com 
ponent of voltage in the associated oscillatory 

10 

2 5 

30 

40 

45 

50 

55 

60 

65 

70 

75 



5 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2,122,288 
circuits while eliminating the undesired com 
ponent of signal frequency. 
For deriving the beat frequency output from 

the Oscillator there are shown a pair of leads 
20', but it will be apparent that the invention 
is not limited to this particular manner of ob 
taining the difference frequency since other 
means of coupling an output circuit to the OS 
cillator may be used instead, such as by coupling 
to anode-grid G2. 

Fig. 3 illustrates an embodiment very similar 
to Fig. 1 with the addition of a second balancing 
coil 2 arranged in series With coil 8 and induc 
tively coupled to the Output-anode coil 6 and the 
intermediate frequency output for eliminating 
or reducing the effect of undesired components 
of the voltage from the OScillatory circuit 3 in the 
output circuit. 

In operation, the circuit of Figure 3 is sub 
stantially like that of Figure 1 except for a more 
complete neutralization of the effects of one sig 
nal circuit upon the other Occasioned by the con 
nection of the second balancing coil. 2 which is 
arranged in Series relation. With feedback coil 22 
connected to the anode-grid G2 and in magnetic 
coupling relation to the output circuit 6. What 
ever reaction between the two input signal cir 
cuits that may appear in the output 6 is trans 
ferred through the balancing coil 2 to the feed 
back coil 22 and anode-grid G2 in such phase as 
to neutralize such reaction. 
What is claimed is: 
1. In combination, an electron discharge de 

vice having a cathode, first, second, third and 
fourth grids, and a plate, in the order named; 
a first signal channel applied between said first 
grid and cathode; a second signal channel ap 
plied between said fourth grid and cathode; 
means for applying suitable positive potentials 
to said second and third grids and to said plate, 
Said first and fourth grids being at a negative 
potential with respect to said cathode; and a 
coil in Series relation. With the anode of Said 
device and magnetically coupled to said first sig 
nal channel for balancing out the effect in said 
first channel of the alternating current voltage 
applied to said fourth grid by said second chan 
nel; and another coil in Series With said first coil 
and anode and magnetically coupled to the sec 
ond signal channel for balancing Out the effect 
in said second channel of the alternating current 
voltage applied to said first grid by said first 
channel. 

2. A system in accordance with claim 1, char 
acterized in this that said first signal channel is 
an oscillatory circuit for locally generating Oscil 
lations, and said second signal channel is an ex 
ternal source of radio frequency signals. 

3. A system in accordance with claim 1, char 
acterized in this that said first and second signal 
channels are Oscillatory circuits for locally gener 
ating separate oscillations of different frequen 
Cies. 

4. In combination, an electron discharge de 
vice having Within an evacuated envelope a cath 
ode, first, Second, third, fourth and fifth grids, 
and a plate, in the Order named; a first signal 

3 
channel for applying external radio frequency 
signals to said fourth grid; a second signal chan 
nel comprising an oscillatory circuit for locally 
generating oscillations connected to Said first 
grid, a regenerative feed-back circuit between 
said second grid and cathode and coupled to said 
oscillatory circuit; means for applying suitable 
positive potentials relative to said cathode to said 
Second, third and fifth grids and to Said plate, 
said first and fourth grids being at a negative 
potential relative to said cathode; an output cir 
cuit comprising an inductance coil and condenser 
combination coupled between said plate and 
cathode; and a coil in Series with said output in 
ductance coil and coupled to the Oscillatory Cir 
cuit for balancing out the effect in said oscillatory 
circuit of the radio frequency signals applied to 
said fourth grid; and another coil in series with 
said feed-back path and coupled to said output 
circuit for balancing out undesired effects of said 
oscillator frequency voltages in said output cir 
cuit. 

5. In combination, an electron discharge de 
vice having a cathode, first, second, third and 
fourth grids, and a plate, in the order named, 
there being a positive transconductance between 
each of said first and fourth grids and said plate, 
a positive transconductance between said first 
and second grids and a negative transconduct 
ance between said second and fourth grids, a 
first signal channel applied between said first 
grid and cathode; a second signal channel applied 
between said fourth grid and cathode; means 
for applying Suitable positive potentials to said 
Second and third grids and to said plate, said 
first and fourth grids being at a negative poten 
tial with respect to said cathode; and a coil in 
Series relation. With the anode of Said device and 
magnetically coupled to Said first signal channel 
for balancing out the effect in said first channel 
Of the alternating current voltage applied to said 
fourth grid by said second channel; and another 
coil in series with said first coil and anode and 
magnetically coupled to the second signal chan 
nel for balancing out the effect in said second 
channel of the alternating current voltage ap 
plied to said first grid by Said first channel. 

6. In a signalling system, the combination with 
tWO input signal circuits and a common output 
circuit therefor, of an electric discharge device 
having two signal grids connected with said in 
put circuits, an anode connected with said out 
put circuit, and a screen electrode between said 
Signal grids, one of said signal grids being more 
adjacent to the anode than the other, means for 
negatively biasing each of said signal grids and 
applying a positive potential to said screen elec 
trode, a positive anode-grid intermediate said 
Screen grid and that one of the signal grids which 
is farthest from Said anode, and a pair of induct 
ance coils connected in series to said anode-grid, 
each being magnetically coupled respectively to 
one of the input signal circuits and to the com 
mon output circuit in such manner as to balance 
out the interaction in each of said input circuits 
caused by the other circuit. 

WITIAM. A. HARRIS. 
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