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My present invention relates to heterodyne re 
ceiving Systems, and more particularly to hetero 
dyne receivers of the audible beat type. 
There are various factors which must be con 

sidered in the design of heterodyne receiving SyS 
tems of the audible beat type. As is well known, 
Such a receiving System usually employs in ad 
dition to amplifiers operating at Super-audible 
frequency, and an audio amplifying system, a de 
tector which has impressed thereupon locally pro 
duced oscillations. The frequency of the latter 
OScillations differ from the desired Signal fre 
quency by a beat note in the audible frequency 
range. In the utilization of such a receiving Sys 
tem it is not only desired that the beat note be 
produced with maximum loudness and with min 
imum use of tubes, but, also, with minimum of 
regenerative reaction in the heterodyning cir 
cuits in order to prevent the production of spuri 
Ous whistles. Another operating defect which 
commonly occurs in receiving Systems of this 
type may be termed "locking', or 'sucking-in', 
of the oscillator frequency by the signal fre 
quency. Such "sucking-in' action arises because 
the signal frequency draws the oscillator frequen 
cy into synchronization with itself. When it is 
remembered that the two frequencies are very 
close to each other, and only differ by a frequency 
of the order of a tone. Such as 1000 cycles, it is 
readily appreciated why such synchronization ac 
tion is undesired. This "locking' action mani 
fests itself chiefly by a ragged note above a cer 
tain audio frequency limit. Below this limit the 
note disappears. The more the "sucking-in' the 
higher the minimum audio beat frequency which 
can be heard. If this action is too bad, it may be 
impossible to hear a beat as low as 1000 cycles. 

Accordingly, it may be stated that it is one of 
the primary objects of the present invention to 
provide a heterodyne receiving system of the 
audible beat type which not only effectively pre 
vents the 'sucking-in' action of the impressed 
signal on the local oscillator, but also results in 
the production of an audible beat With high gain 
and with a minimum of apparatus, the method 
utilized in the present invention briefly involving 
the impression of the locally produced oscillations 
upon the suppressor grid of the receiver detector 
through a “buffer' amplifier. 
Another important object of the invention is to 

provide a heterodyne receiving system which in 
cludes, in addition to a detector, a Super-audible 
frequency amplifier, the system further including 
a local oscillator, and the detector being of the 
pentode type, the locally produced oscillations be 

(C. 250-8) 
ing impressed upon the suppressor grid through 
an electron discharge amplifier functioning as a 
buffer stage, while the signals are impressed upon 
the signal grid of the detector, the receiving sys 
ten further including an automatic Volume con 
trol tube whose electrodes are disposed in the 
same tube envelope as the electrodes of the buff 
er amplifier. 
Another object of the present invention may be 

stated to involve a coupling arrangement between 
the Suppressor grid of a pentode tube detector 
and a local oscillator, the coupling being designed 
to permit the balancing Out Of the SuppreSSOr grid 
to signal control grid capacity existing in the de 
tector tube. 

Still other objects of the invention are to im 
prove generally the eficiency of heterodyne re 
ceivers, and more especially to provide an im 
proved heterodyne receiving system of the audible 
beat, type which is not only reliable and efficient 
in operation, but readily and economically con 
structed. 
The novel features which I believe to be chair 

acteristic of my invention are set forth in par 
ticularity in the appended claims, the invention 
itself, however, as to both its organization and 
method of operation Will best be understood by 
reference to the following description taken in 
connection with the drawing in which I have in 
dicated diagrammatically several circuit organi 
zations whereby my invention may be carried into 
effect. 

In the drawing:- 
Fig. 1 diagrammatically shows a heterodyne 

receiving system embodying the present in 
vention, 

Fig. 2 shows the detector and local oscillator 
circuits of a heterodyne receiving system embody 
ing a modification of the invention. 

Referring now to the accompanying drawing, 
Wherein like reference characters in the two fig 
ures designate similar circuit elements, it will 
be noted that there is shown in Fig. 1 a hetero 
dyne receiving system whose networks, in gen 
eral, follow a conventional pattern. The numeral 
designates a source of signals, and this source 

may be the usual grounded antenna, circuit, a 
loop antenna, an airplane antenna, or any other 
device for collecting radiated C. W. signals. The 
detector tube 2 which is a pentode tube of the 77 
type, has its signal input electrodes coupled to 
the source of signals through an amplifier net 
work. The amplifier network operates at super 
audible frequency, and may comprise One, or 
more stages of amplification. The input circuits 
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2 
of the Super-audible frequency amplifiers, which 
are designated as 'R. F. amplifiers' and the de 
tector have their input circuits tuned. The Wari 
ous tuning condensers of the receiving System are 
to be uni-controlled; Such uni-Control devices are 
well known to those skilled in the art. 
The detector tube 2 includes in its anode Cir 

cuit a load resistor 3, and the beat Voltage devel 
oped across resistor 3 is impressed upon an audio 
network (not shown). The latter may comprise 
one, or more, stages of amplification followed by 
a reproducer of any desired type. The desired 
signal energy is impressed between the signal 
control grid and cathode of the tube 2, and the 
cathode circuit of the tube includes the usual 
grid bias resistor-shunt condenser network. The 
screen grid electrode of the tube is connected to 
a desired point of positive potential on the B 
voltage Supply Source 4, the Screen grid circuit 
being by-passed to ground through a radio fre 
quency by-pass Condenser. 
The local oscillator of the receiving System 

comprises an electron discharge tube 5 which is 
of the 85 type. It will be recognized that the 
oscillator involves a purely conventional circuit 
arrangement, and for this reason it is not believed 
necessary to describe the elements thereof. It 
is believed sufficient to point out that the tuning 
condenser thereof tunes the local oscillator net 
Work to a frequency differing from the Signal 
frequency by a frequency of the beat note which 
is desired. The local oscillator network produces 
local oscillations by virtue of the regenerative 
coupling M between the cathode circuit of tube 
5 and the tuned grid circuit thereof. The locally 
produced oscillations are impressed upon the 
suppressor grid 6 of the pentode tube 2. HoW 
ever, they are not directly impressed upon the 
Suppressor grid, but are transmitted thereto 
through the agency of a buffer amplifier. This 
is done in order to prevent "sucking-in' action 
of the impressed signal frequency on the Oscillator 
frequency. 
The electrodes of the buffer tube are housed 

Within the envelope 7 of a tube of the 79 type. 
Such a tube is well known to those skilled in the 
art at the present time, and comprises a pair of 
independent triodes disposed. Within a Common 
tube envelope. The cathodes of the two triode 
Systems are connected together, as by means of 
lead 8, and are at a common potential. The grid 

of the buffer triode of tube is connected to 
the cathode if thereof through a path which 
includes coil 9, the latter being magnetically cou 
pled to the tuned grid circuit of the local OScil 
lator, and lead O. The output electrode 2 of 
the buffer triode is connected to ground through 
a resistor 3. The suppressor grid 6 of detector 
tube 2 is connected to the anode side of resistor 
E3 through a lead 4. 
The remaining triode System of tube 7 func 

tions as an automatic amplification control tube, 
and the grid thereof is connected to the signal 
input grid of detector tube 2 through a condenser 
5 which passes signals to the first named grid. 
The plate, or output electrode, of the second tri 
Ode System is connected to ground through a 
resistor 6, the latter being by-passed for radio 
frequencies by condenser 7, and a gain control 
connection, designated “AWC', is connected be 
tween the plate side of resistor 6 and the signal 
grid circuits of the Super-audible amplifiers whose 
amplification is to be regulated in response to 
variations in amplitude of incoming signals. The 
sensitivity of these gain-controlled amplifiers is 

2,059,321 
a maximum for Weak signal reception, and, as 
the received signal amplitude increases, the func 
tion of the automatic gain control triode and its 
associated circuit is to reduce the sensitivity, Or 
gain, of each of the Super-audible amplifierS. 
By way of illustration, it is shown that the 

common cathode lead of tube 7 is connected to 
a point which is at -145 volts With respect to 
ground, whereas the signal input grid of the auto 
matic gain control triode section of tube 7 is con 
nected to a point at -150 volts with respect to 
ground through resistor 8. It Will be under 
stood that the usual common Voltage Supply 
bleeder resistor may be used for the circuits of 
tube 7. 

It will now be observed that the locally pro 
duced oscillations are impressed upon the input 
electrodes of the buffer triode section of tube 7, 
and that the output of the buffer section is im 
pressed upon the suppressor grid of the detector 
tube 2. The resistor 3 is used as the impedance 
in the plate circuit of the buffer stage to provide 
substantially equal amplification at the various 
frequency ranges of the receiver. If this resist 
ance 3 is given a value of between 750 to 1000 
ohms the effect of the varying capacity reactance 
3', shown in dotted lines, in parallel With it will 
be relatively slight, and approximately as much 
voltage will be available in the plate as is applied 
to the grid f. The AVC triode section of tube 
7 is capable of functioning during the Operation 
of the buffer section; the electrodes of the tWO 
sections are disposed within a common tube enve 
lope and this is a very desirable form of construc 
tion since it enables the designer to dispense with 
separate tubes for these two functions. 
An additional advantage of the arrangement 

shown in Fig. 1 resides in the fact that there is 
provided a method of giving negative bias to the 
suppressor grid 6 of the detector tube 2 Con 
veniently, the bias increasing the SuppreSSOr 
modulation of the detector. In other Words the 
buffer stage, and its impedance in the plate cir 
cuit thereof, not only functions to prevent the 
'sucking-in' action of the impressed Signal on the 
oscillator when the heterodyning Woltage is in 
troduced on the detector, but it also functions to 
provide the suppressor grid bias which increases 
the efficiency of suppressor modulation action in 
the detector tube. The arrangement disclosed 
results in much less 'sucking-in' action over all 
frequency ranges when the stray capacity coul 
plings across the structure of the tube 7 do not 
produce too much voltage on the control grid of 
the AWC section of tube 7, and hence the detector. 
The buffer Section of tube may employ a Screen 
grid between plate 2 and grid f to improve the 
action of the invention. 
With efficient shielding in the tube 7, or rather 

shielding between the "metal cap' electrode (this 
electrode being the Signal input grid of the AVC 
triode section) and the other tube elements, this 
arrangement functions in a satisfactory manner. 
Although for a multi-range frequency receiver 
the value of resistance 3 is chosen so low that 
practically no amplification is obtained, the "Suck 
ing-in' action is almost entirely eliminated. Of 
course, those skilled in the art are fully acquainted 
with the manner of providing the Switching ar 
rangements to have the receiving System shown 
functioning in more than one frequency range, 
and it is to be clearly understood that the present 
invention is readily applicable to such type of 
multi-range receiver. 
In Fig. 2 there is shown a novel alternative 
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2,059,321 
method of reducing the 'sucking-in' action. In 
this method the local oscillator network, which 
includes tube 5, is coupled to the Suppressor grid 
of the detector tube 2. The purpose of this ar 
rangement is to permit balancing out the Small 
SuppreSSOr grid to signal control grid capacity 
which exists in the electrode structure of tube 2. 
This inter-electrode capacity is designated in 
dotted lines, and is represented by the Symbol C1. 
The capacity C1 may be balanced out provided the 
stray capacity between the local Oscillator grid 
and the signal input grid of tube 2 is properly pro 
portioned. This stray capacity is shown in dotted 
lines, and is designated by the symbol C2. A bal 
ance of these capacity effects can be secured if 
the ratio of coupling between coils T2 and T3 to 
the inductance of coil L2 is made equal to the 
ratio of the capacity C1 to the capacity of C2. 

It will be noted that the oscillator network in 
Fig. 2 provides local oscillations by means of the 
regenerative coupling between the coils L2 and L1. 
The coil L3 may be a portion of the coil section L1, 
and coil L3 is magnetically coupled to coil L2. If 
the magnitude of the inter-electrode capacity C1 
is as low as 0.15 micromicrofarad the balancing 
arrangement shown in Fig. 2 can be dispensed 
with, since by proper choice of biases enough 
heterodyne action can be developed through the 
suppressor, in the absence of any such balance, 
without producing more than about 0.3 volt 
(R. F.) on the detector signal control grid. 
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 par 
ticular 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 claim is: 
1. In combination with a detector tube of the 

pentode type, the latter including a SuppreSSOr 
grid disposed between the output electrode thereof 
and a positive screen electrode, means for im 
pressing desired signals upon the input electrodes 
of the detector tube, a separate vacuum tube 
oscillator for producing local oscillations differ 
ing in frequency from the signal frequency by an 
audible frequency, a path coupled between said 
local oscillation means and the Suppressor grid of 
said detector tube for impressing the locally pro 
duced oscillations upon said Suppressor grid, Said 
path including an electron discharge tube having 
its input electrodes coupled to said oscillator, and 
its output circuit conductively connected to said 
suppressor grid. 

2. In combination with a detector tube of the 
pentode type, the latter including a Suppressor 
grid disposed between the output electrodes there 
of and a positive screen electrode, means for in 
pressing desired signals upon the input electrodes 
of the detector tube, a separate vacuum tube oscil 
lator for producing local oscillations differing in 
frequency from the signal frequency by an audible 
frequency, a path coupled between said local 
oscillator and the suppressor grid of Said detector 

3 
tube for impressing the locally produced Oscilla 
tions upon said suppressor grid, said path includ 
ing an electron discharge device having an im 
pedance in its space current path, the input elec 
trodes of said device being coupled to said oscilla 
tor, and a direct current connection connecting 
the suppressor grid of the detector tube to one side 
of Said in pedance. 

3. In combination with a detector tube includ 
ing at least a cathode, signal grid and a Sup 
pressor grid disposed between the Output elec 
trodes thereof and a positive Screen electrode, 
means for impressing desired signals upon the 
signal grid of the detector tube, means for main 
taining said signal grid at a substantially con 
Stant negative bias voltage with reference to Said 
cathode, means for producing local oscillations 
differing in frequency from the signal frequency 
by an audible frequency, a path coupled between 
said local oscillation means and the SuppreSSOr 
grid of Said detector tube for impressing the local 
ly produced oscillations upon Said Suppressor 
grid, said signal impressing means including at 
least one stage of signal amplification, neaths for 
automatically regulating the degree of amplifi 
cation of the latter in accordance with the 

- strength of the desired signals, and said path and 
last named means including electron discharge 
devices whose electrodes are disposed within a 
connon tube envelope. - 

4. In combination with a signal detector Of the 
pentode tube type, a local oscillator including a 
tube provided with regeneratively coupled input 
and output circuits, said pentode tube including 
a spurious capacity coupling between the signal 
input grid and Suppressor grid thereof, a COil Con 
nected to said Suppressor grid, and means coul 
pled to said detector and local oscillator for bal 
ancing out the effect of said Spurious coupling, 
said balancing means comprising properly pro 
portioned stray capacity coupling between the 
signal control grid of the detector tube and local 
oscillator grid, and magnetic coupling between the 
oscillator input circuit and said coil connected to 
the detector suppressor grid. 

5. In combination with a detector tube of the 
pentode type including a suppressor grid disposed 
between the output, electrodes thereof, and a poS 
itive screen electrode, means for impressing de 
sired signals on the input electrodes of Said tube, 
a separate vacuum tube oscillator for producing 
local oscillations differing in frequency from the 
signal frequency by an audible frequency, a path. 
coupled between said local OScillator and said Sup 
pressor grid for impressing the locally produced 
oscillations upon said suppressor grid, said path 
comprising a vacuum tube having a Cathode, Con 
trol grid and plate, an input circuit connecting 
said control grid and cathode, means coupling 
said input circuit to said oscillator tube Source, 
a resistor connected to said plate and in the Space 
current path of said tube, and a direct current 
connection between the low potential end of said 
resistor and said suppressor grid. 

FREDERICK. H. DRAKE. 
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