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15 Claims. 

This invention relates to circuits for radio re 
ceiving and thermionic amplifying apparatus. 
The principal object of the invention is to pro 

vide a method of connecting elements of thermi 
onic Vacuun tubes to different points or Voltage 
levels along a resistor or battery to obtain the 
proper operating voltages, such that the grid of 
each tube is at the same electrical potential as 
the plate of the preceding tube, and at the Same 
time the plate of each tube is at the proper op 
erating potential with respect to its filament, 
and the grid of each tube is at the proper poten 
tial With respect to its filament, thus permitting 
the plate of one tube to be connected direct to 
the grid of the following tube by a Wire. This 
eliminates the use of transformers or condenSerS 
customarily used as a coupling means between 
tubes; and also eiiminates bucking voltages SOme 
times used in circuits where transformers or Con 
densers are eliminated. 
The invention particularly refers to a push pull 

amplifier, although the principle can be equally 
Well applied to a single sided circuit With corre 
spondingly equal advantages, and it is not in 
tended to limit the invention to a push pull am 
plifier. 
Another object of the invention is to provide 

a method of substantially blocking out or atten 
uating direct current voltage or slow voltage 
changes across the input of the amplifier, pre 
venting these direct current voltages or slow 
voltage changes from progressing through the 
amplifier and being amplified through each Suic 
ceeding stage, and at the Same time permitting 
the comparatively fast varying signal voltages to 
progress through the amplifier and be amplified 
through each stage, thus providing a practical 
method whereby the detected Signal can be ap 
plied direct to the input of an audio frequency 
amplifier eliminating the necessity of using con 
densers or transformers customarily used to pre 
went the direct current voltage component in 
the output of a detector or other input source 
from being in pressed on the grids and progreSS 
ing through the annplifier. 
Another object of the invention is to permit a 

regenerative feed back to be applied in the am 
plifier without the necessity of using reactances 
to accomplish this purpose. 
A construction in accordance with the princi 

pal object of the invention results in its being 
possible to eliminate all reactance coupling other 
wise necessary, which forms another object of 
the irivention. 
With the foregoing and other equally impor 

(C. 179-171) 
tant objects and advantages in View, the inven 
tion resides in the certain new and useful con 
bination, construction, and arrangement of parts 
and circuits as will be hereinafter more fully de 
scribed, set forth in the appended claims, and 
illustrated in the accompanying drawings, 
Wherein: 

Figure 1 is a wiring diagram illustrating a two 
element rectifier coupled to a push pull circuit 
wherein the plate of one tube is connected by a 
wire to the grid of the succeeding tube: 

Figure 2 is a diagrammatic illustration of a 
method of coupling, by means of a phase in 
verter tube, a grid bias detector to a push pull 
circuit wherein the plate of one tube is connected 
by a wire to the grid of the Succeeding tube; 
also showing a method of obtaining regenerative 
feed back: both obtained without the use of the 
customary reactances: 

Figure 3 shows diagrammatically a method of 
coupling a two element rectifier to a push pull 
circuit wherein the plate of one tube is connected 
by a wire to the grid of the Succeeding tube, and 
showing a method of obtaining regenerative feed 
back to the Screen grid of the four element tube. 

Figure 4 is a diagrammatic representation of 
that portion of Figure 1 which acts to permit the 
rectified output of a two element detector to be 
applied direct to the push pull circuit by stabiliz 
ing the circuit against slow voltage changes. 
The fundamental circuits illustrated in the Sev 

eral views are identical, but referring particul 
larly to Figure 1, the voltage Supply Source is 
indicated at f and may be a battery or any Suit 
able rectifier capable of Supplying 724.6 Wolts 
which is the proper voltage for the circuits herein 
described. The voltage source is connected by 
the wires 2 and 3 to the plate voltage supply re 
sistor R, R, R2, R3, and R4, across which any 
voltage may be obtained, up to an amount equal 
to the voltage of the Supply Source, and to the 
center tap of the output audio frequency choke 
coil 8. 
Two screen grid 224 tubes 4 and 5 and two 250 

tubes 6 and are used in the circuit herein de 
scribed, and the filaments of the tubes are heated 
by alternating current, the transformers being 
indicated at 8 and 9. 
The signal voltage Supply or input is indicated 

at 0, passing through the customary tuned in 
ductive resistance, and being connected as by the 
wire f l to the plate of the tube A, and from the 
cathode of the tube A to the grid of tube 4 by the 
Wire fa, and directly to the grid of the tube 5 
by the wire f3. The plate of tube 4 is connected 
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2 
directly by the wire 4 to the grid of tube 6, and 
likewise the plate of the tube 5 is directly con 
nected by wire 5 to the grid of the tube ; the 
plates of the tubes 6 and 7 being connected by 
wires 6 and 7 to the center tapped audio fre 
quency choke coil 8, across which the output 
9 is taken. 
The resistor R5 is attached to the wire 2 at 

one end and at the opposite end to the filament 
of the 250 tubes 6 and 7. This resistor R5 is 
permanently adjusted to the proper value So that 
the plate current flowing in the 250 tubes Will 
cause a drop of just 274.6 volts across R5, thus 
leaving 450 volts across the filament and plate 
of the 250 tubes, which is the proper plate voltage 
for Same. 
At 20 is illustrated a small condenser Con 

nected to the wires a and 3 for bypassing the 
high frequency carrier currents in the Output 
of the rectifier A. 

R8, R9, RO, and R. represent a resistance be 
tween the wires ffa and 3 through which the 
rectified signal currents are forced to flow, thus 
building up a voltage across this resistance which 
will be applied to the grids of tubes 4 and 5. 
The resistance R6 is connected by the wire 22 to 

the point 2 at the junction of resistors R3 and 
R4 of the plate voltage supply resistor, which 
point is 365.2 volts negative with respect to the 
positive side of the voltage supply, and connected 
by the wire 23 to the wire 4. 
The resistance RT is connected by the wire 24 

to the wire 23, and by the wire 25 to the junc 
tion of the resistors R8 and R9. 
The resistance R6 forms what is commonly 

known as the plate or output impedance of tube 
4 and across which the signal voltage amplified 
by the tube 4 appears; this resistance R6 being 
common to both the plate circuit of tube 4 and 
grid circuit of tube 6. Resistance R7 represents 
a high resistance used in a novel manner and 
connected as previously described for the pur 
pose of providing an additional path whereby 
both steady and varying currents in R6 can flow 
and acroSS which progressively decreasing poten 
tials may be had, finally decreasing to a level with 
or lower than the potential of the grid or other 
element if desired, in Which case the currents can 
be caused to flow through a resistor common to 
the grid or other circuit before returning to the 
battery, or voltage source. By this means any de 
sired action may be obtained for instance direct 
current voltages impressed on the grids may be 
canceled out, or a regenerative action may be ob 
tained by utilizing such potentials to assist volt 
ages impressed on the grids. These actions are 
hereinafter more fully explained. 
The combination of plate current as indicated 

in Figure 1 flowing in the 224 tube 4 and the cur 
rent through resistances R and R8 in series, 
flowing in R6, will cause a voltage drop across R6 
of 64.8 volts. As the grids of the 250 tubes 
should be operated at 80 volts negative with re 
spect to their filaments, it is necessary to connect 
the lower end of R6 by Wire 22 to a point having 
a potential of 164.8 minus 80 volts, or 84.8 volts 
more positive than the potential level of the fila 
ments of the 250 tubes. 

If the cathode of the tube 4 is connected at the 
point indicated at 26 there will be an impressed 
plate Voltage of 338.8 Volts, and Subtracting the 
drop across resistor R6, an effective voltage of 
174 volts is impressed on the plate of the 224 
tube, which is the amount indicated as proper 
by curve taken of the tube. 

2,065,610 
Thus the filament and plate returns of the 

various tubes used are connected to points along 
a voltage supply resistor, or battery if desired, 
at Such points that the plate voltages are correct, 
and so that the grid end of plate resistor (R6 in 
this case) is negative with respect to the fila 
ment of the 250 tube by an amount that is 
proper for that tube or other proper values Where 
other tubes are used. 
The Screen grid voltage is Supplied by the Wire 

30 to the tube 4 by virtue of the drop across resist 
ance R. 

Grid voltage to the tube 4 is applied as foll 
lowS: A voltage of minus 20.6 Wolts is impreSS80 
between filament and grid of tube by the drop 
across R. This is too great a negative potential 
for this tube so the drop across resistor R8 due 
to currents which flow in resistors R6, R, and R8 
in Series is used to oppose this excessive nega 
tive voltage. The drop across R8 is shown as 
fixed at 19.4 volts and the current flows in a 
direction such that this 19.4 volts opposes the 
20.6 volts across R; both voltages being impressed 
between grid and filament of tube 4. Thus there 
is an effective negative voltage of 20.6 minus 19.4 
or 1.2 volts applied to the grid of tube 4, which is 
proper. 
The rectifier A is in Series With the resistors 

R8, R9, R? 0, and Rif, and also in series with the 
signal voltage Supply, thus there will be a signal 
voltage in resistors R8, R9, RO, and R, , which 
is desired; however there will also be a direct 
current component across R8, R9, R.O, and R. 
which is not desired and which is balanced out in 
the following manner to prevent it from unbal 
ancing the two sides of the amplifier. 
Assume that a direct current flows through re 

sistors R8, R9, R.O, and R, f in such a direction 
as to cause the grid of the tube 4 to be 1 volt more 
positive. A plate current grid voltage curve taken 
of the tube 4 indicates an increase of .38 milli 
ampere in plate current per grid volt applied 
under the conditions shown and described in 
Figure 1. Assuming this increase could occur 
in the above circuit, it would cause an additional 
drop across resistor R6 of 76 volts, therefore an 
equal decrease will be found across RT and R8 in 
series. (Resistor R. is also in Series with R and 
R8 and the tubes 4 but the same condition is 
Occurring on the opposite Side of the push pull 
circuit but in an Opposite direction and the two 
currents will cancel each other out through R, 
thus there will not be an effective drop across 
R, due to these changes being described.) A de 
Crease of 76 volts acroSSR and R8 would cause a 
decrease of current in these resistors of .076 milli 
ampere. This decrease in current in R8 would 
cause a decrease of 7.6 volts across R8 and as the 
drop across R8 is utilized to oppose the excessive 
negative potential being applied to grid of the 
tube 4, a 7.6 volt greater negative potential is im 
pressed on the grid than Was had before the 1 
volt positive potential Was impressed, thus a large 
decrease opposes a small increase, tending to bal 
ance the actual grid voltage at some small frac. 
tion of the 1 volt impressed. This fraction de 
pends mainly on the relationship between the 
resistors R and R8 and the amplification con 
stant of the tube, thus stabilizing the circuit in 
So far as impressed direct current voltages are 
concerned. A large condenser C is connected 
across R8 to prevent a changing signal current 
from building up a counter voltage across R8, per 
mitting the signal voltage to be impressed on 
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Output, but blocking any direct current changes 
from progressing through the amplifier. 
Steady plate current varies a small amount in 

different tubes of the same kind and should an 
other 224 tube be used which draws a slightly 
higher plate current the same effect occurs in 
that the drop across R6 will be greater and the 
drop across R7 and R8 less, causing a slightly 
more negative Woltage to be applied to the grid, 
thus inherently tending to keep current in plate 
circuit constant. 
As an example of the above action. We can as 

Sume an increase of 1 volt across grid filament of 
the 224 tube and also assume an amplification of 
90. This 1 volt across grid filament would be, if 
it were possible, amplified, so that an increase of 
90 volts would appear across R6 and the same de 
crease across R and R8. It may be assumed for 
example that the resistance of R8 is is of RT 
plus R8, therefore of this 90 volts or 9 volts 
WOuld appear across R8. If this 9 volts did ap 
pear across R8 the potential would not be the 1 
volt positive but an 8 volt negative potential on 
the grid, and with an 8 volt negative potential 
on the grid the 90 volts increase across R6 which 
it was assumed above would be due to the origi 
nal 1 volt positive potential impressed on the grid, 
Could not be obtained. 
To indicate about what the actual effective in 

crease on the grid due to the 1 volt impressed 
would be, start with an increase of to of a volt on 
the grid. of a volt if amplified 90 times would 
appear across resistor R6 and also across resistors 
R7 and R8 as 9 volts, and R8 being to of RT plus 
RS, we would find of the 9 volts, or .9 volt, 
across R8. Thus if 1 volt were impressed on the 
grid, it would require only to of this volt to sup 
port 9 volt across R8 to cancel out the balance 
of the 1. volt impressed. Thus an impressed direct 
current voltage is reduced to is of its original 
value due to the action through the circuit. 
For convenience and simplicity the action 

through one side of the push pull amplifier is 
described, but it will be perfectly obvious that the 
same action would obtain on the opposite side 
under the same conditions, the same values and 
circuit constants prevailing on both sides of the 
amplifier. 
The action on opposite sides of the amplifier 

will however be 180 degrees out of phase which is 
desired and is Well understood to be the case in 
a push pull circuit. 

Referring now specifically to Figure 2, which 
represents a method of connecting a three ele 
ment or grid bias detector to one side of my im 
proved circuit and the use of a phase inverter 
tube for impressing the signal on the opposite 
side of the push pull circuit in such a manner that 
the currents in the two sides will be 180 degrees 
Out of phase. 

In this circuit 50 represents the voltage Supply 
source, which, as in the modification disclosed 
in Figure 1, can be any suitable direct current 
source of high voltage. The voltage Source is 
connected by the wires 5 and 52 to the plate 
voltage supply resistors R2O, R2, R22, R23, R24, 
and R25, and by the wire 52 to the center tap of 
the output audio frequency choke coil. 

53 represents a screen grid 224 tube operated 
as a detector; 54 represents a screen grid 224 
tube operated as a phase inverter tube, while 55 
and 56 represent 210 tubes, and 57 and 58 repre 
sent 250 tubes employed in the circuit, The in 
put is indicated at 59 and the output at 60. 
. A novel feature of this circuit resides in the 

3 
installation of a screen grid tube. 53 as a detec 
tor, the filament of which is directly coupled with 
the filament of the tube 54 and heated by the 
Same transformer 6. The cathode 62 of tube 
53 is connected to a point indicated at 63 along 
the main plate voltage supply resistor but 
through the resistor R64, while the cathode 65 
of tube 54 is connected through the resistor R66 
to the same point 63. The screen grid returns 
of these latter tubes are connected at 67 to the 
plate voltage supply resistor at the juncture of 
R20 and R2. A condenser 68 is connected be-, 
tWeen the plate and cathode of tube 53 for by 
passing high frequency carrier currents in the 
Output of the tube. The grid of tube 54 is con 
nected by the wire 69 to the resistor R9 at a 
point 93, the object of which will be hereinafter 
described. The opposite end of resistor RTO is 
Connected to the grid end of the resistor R. 
The Wire 72 connects the lower end of resistor 
R70 to the plate voltage supply at the point 63. 
The Wire 73 is connected to the resistor Rt. and 
to the resistor R74 which is also connected to 
the plate voltage resistor at the juncture of R22 
and R23. At this same point the resistor R75 
is connected, the opposite end of which is con 
nected by the Wire 76 to and through the resistor 
R77 and by the wire 8 to the resistor R79, the 
Opposite end of which is connected by the wire 
80 to the point 63. Resistor R5 is connected by 
the wire 8 to the resistor R82, the opposite end 
of which is connected to the grid end of resistor 
R83. The opposite end of R83 is connected by 
the wire 84 to the plate voltage supply at the 
juncture of R25 and R25. From said juncture 
the wire 85 leads to the resistor R86, the grid end 
of which is connected to resistor R87, and the 
opposite end of the latter is connected by the 
wire 88 to the resistor R74. As is obvious all 
tubes are directly connected in Series as in Fig 
ure 1, the last ones 57 and 58 being connected in 
the usual manner to the output impedance, and 
the input is connected between the grid of tube 
53 and point 63. 
The grid bias of tube 53 is obtained by the volt 

age drop across resistor R64 due to the plate and 
screen grid currents in said tube which flow 
through R64 in a direction to hold the cathode of 
the tube positive, with respect to the grid, at 
the proper potential for good detection. The de 
gree of steady plate current in said tube is de 
pendent upon its grid bias, but since the grid 
bias is obtained from the flow of plate and Screen 
grid currents in the tube through resistance R64, 
the resistance R64 becomes the controlling fac 
tor in determining the degree of steady plate 
current. Condensers 89 and 9 are used to by 
pass audio frequency currents around R64 and 
R66 to prevent signal voltages from being atten 
uated. - 
The grid of tube 54, as previously described, is 

connected to the resistor R2 () at the point 90. 
The signal voltage across point 90 and point 63 
will thus be impressed on grid of tube 54; point 
90 being determined such that this voltage will 
be an amount which when amplified by tube 54 
will appear across resistor Ri as an amount 
equal but opposite in phase to the voltage across 
R7. The potential of point 99 being thus de 
termined it will be necessary to regulate the 
value of resistor R66 So that the voltage drop 
across RS6 due to the plate and Screen grid cur 
rents in tube 54 with no signal impressed will 
be 1.2 volts, (or an amount such that is proper 
for the grid of the tube operated as an amplifier) 
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4. 
greater than the drop between point 90 and point 
63 when no signal is impressed, in which event 
the proper voltage will be applied to grid of 
tube 54. 
There is also shown in this circuit a novel 

method of obtaining a regenerative feed back, 
this being obtained by causing the Signal Cur 
rent in R.82 to flow through part of resistor R75, 
and as these signal currents in resistor R82 are 
in phase with signal currents in resistors RTT 
and R75, any voltage across R75 due to these 
feed back currents will be impressed between 
grid and filament of tube 56 in phase with volt 
age across R77, thus obtaining a regenerative 
feed back from the plate circuit of tube 55 to 
the grid circuit of tube. 56. The same action 
occurs by the regenerative feed back from the 
plate circuit of tube 56 to the grid circuit of tube 
55 due to resistor R87 being connected to resistor 
R74. The Wires 8 and 88, if desired, could be 
reversed, connecting wire 8 to R74 and wire 88 
to R75 and by placing large condenserS acroSS 
R74 and R75 a greater stability to slow Voltage 
changes, identical with the stability obtained in 
Figure 1, is obtained, due to the fact that the 
currents in R7 are caused to flow through R8. 
The effect in this case would be to tend to keep 
steady plate currents in tubes 55 and 56 constant, 
permitting values of R83 and R86 to be varied 
somewhat to cause equal amplification of the 
two sides of the circuit without changing the 
bias on the tubes 57 and 58. This is desirable 
for a number of obvious and Well known reaSOnS. 
The resistors R83, R86, RT and R77 operate, 

in all other respects, similar to the corresponding 
resistors in the modified circuit described in Fig 
ure 1. 
The wire 80 could be connected to the cathode 

end of R64 instead of to the point 63, making 
R64 a part of R79, the additional currents in R79 
assisting the screen grid and plate currents of 
tube 53 to stabilize the circuit against slow voltage 
changeS. 

Reference is now particularly made to the 
showing in Figure 3 of the drawings, wherein the 
basic circuit employed is identical to that de 
scribed and illustrated in Figures 1 and 2, and 
comprises a battery or other source of Supply 00 
connected by the wires of and 02 to the main 
voltage supply resistor R 03, R O4, Rf O5, and 
R06, and center tap of output audio frequency 
choke coil. The input is indicated at 07 and the 
output at 08, being in all respects identical to 
that shown in Figure 1. B represents a two ele 
ment rectifier used for the same purpose as that 
shown at A in Figure 1. A wire 09 connects the 
rectifier B to the grid of tube 0, the plate of 
which is connected by wire f f to the grid of tube 
f 2, and the plate of the latter is connected by 
wire f3 to one side of the output impedance. The 
wire 4 connects the other side of the input 
tuned transformer to the grid of tube 5, the 
plate of which is connected by the wire 6 to 
the grid of tube fill, and the plate of the latter 
is connected by wire f8 to the opposite side of the 
output impedance. A condenser 9 as common 
ly used for bypassing the high frequency com 
ponent of the rectified current is connected to the 
Wires 09 and 4. The resistor R20 is also con 
nected across the wires fo9 and 4 through which 
the audio frequency component of the rectified 
current will flow for the purpose of building up 
a signal voltage to be impressed upon the grids 
of tubes O and 5. At the center of resistor 
R20 is connected the wire 2 which is adjust 

2,065,610 
ably connected to the main voltage Supply re 
sistor at the juncture of Rf 03 and R04, this being 
for the purpose of adjusting the grids of tubes 

O and 5 at the proper negative voltage with 
respect to the cathodes of said tubes. A resistor 
R22 is connected to the wire of and to the fila 
ment of tubes 2 and 7. The value of this 
resistor is adjusted so that the plate current flow 
ing therethrough will cause a voltage drop, which 
drop, subtracted from the total supply voltage, 
will leave the proper voltage applied to the plates 
of tubes f2 and 7. The cathodes 24 and 25 
are connected together through the resistors R 26 
and R? 27 and to the wire of at point 33, and 
the large condensers f28 and 29 are placed acroSS 
R26 and R27. The action of the combination 
of these resistors and condensers is to provide a 
grid bias to tubes O and 5 and at the Same 
time to permit the detected signal to be applied 
directly to the grids of tubes 0 and 5. These 
two actions are accomplished as follows: 
The steady plate and grid currents flowing 

in tubes 10 and 5 causes voltage drops acroSS 
R26 and R27 respectively, this drop depending 
on the value of resistors R26 and R27 and the 
value of the current. The value of the current 
when no signal is impressed will be a constant 
depending on circuit adjustments, the value of 
R26 and R27 being adjusted at approximately 
20,000 ohms for reasons hereinafter explained. 
The value of the plate and Screen grid currents 

in each tube 0 and 5 with one practical circuit 
adjustment would be approximately .65 milli 
ampere. This current flowing through the 20,000 
ohms resistor R, 26 or R27 would cause a volt 
age drop of 13 volts across R26 and also acroSS 
Rf 27. This would hold the cathodes of tubes ff0 
and 5 at 13 volts positive with respect to grids 
of same tubes, whereas there should be approxi 
mately 1.2 volts potential difference between cath 
odes and grids. Wire 2 completing the circuit 
between the cathodes and grids of tubes 0 and 
5 is returned to a point at the juncture of R03 

and R04, which point should be 11.8 volts more 
positive than the point 33, this adjustment leav 
ing 13 minus 11.8 or 1.2 volts negative bias on 
grids of tubes O and 5. As long as no voltage 
is impressed across points 30 and 3 and other 
conditions remain constant these grid voltage ad 
justments will remain the same, 
Should a steady Voltage be applied across 

points 30 and 3 such that point 30 for exam 
ple is some amount positive with respect to point 
3, there would be an increase in current in tube 
0 and a decrease in current in tube 5. This 

voltage across points 30 and 3 will be divided 
equally between the grid and cathode of tube O 
and the grid and cathode of tube 5. 
The increase in current in tube flo will cause 

an increase in voltage to appear across R26 and 
the decrease in current in tube f5 will cause a 
decrease in voltage to appear across R27. 
This increase in voltage across R26 will be im 

pressed between cathode and grid of tube 0 and 
will add to the original negative 1.2 volts im 
pressed and the decrease in Voltage across R2 
will be impressed across the cathode and grid 
of tube 5 and will subtract from the original 
1.22 volts, and it is found that the voltage in 
pressed across points 30 and 3 will be op 
posed by the voltage difference across R26 and 
R27 due to this impressed voltage. 
This voltage built up across R26 and R27 will 

be larger, the larger the values of R, 26 and R27, 

0. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

67 

70 

therefore values of R26 and R27 should be 75 



0. 

5 

20 

30 

35 

: 40 

45 

50 

55. 

2,065,610 
chosen for maximum practical results in the sta 
bilization of the circuit against direct current 
Voltage changes across resistor R20, the value 
of 20,000 ohms, previously assigned, being about 
proper for this particular tube. 
AS was more fully described in the remarks 

applicable to Figure 1, this blocking out or at 
tenuating of direct current Voltage changes will 
permit the detected Signal currents to be ap 
plied directly to the grids of tubes is and 5 
Without the customary use of reactances to pre 
vent improper Voltages being applied to the grids; 
this being the object in view in this case and 
forms one of the novel features of the inven 
tion. The condensers 28 and 29 prevent the 
Signal Currents from building up a voltage across 
R26 and R? 27 and thereby blocking out the sig 
nal voltage change in the manner that the di 
rect current and slow voltage changes do. 
There is also shown in Figure 3 a regenera 

tive feed back as applied to the screen grids of 
tubes and 5, the action of which is iden 
tical to that described in Figure 2 as applied to 
the control grid of tubes 55 and 55. This re 
generation could be applied to an auxiliary con 
trol grid if such tubes were available, and the 
operation of the circuit otherwise Would be iden 
tical to that illustrated and described in the 
Other tWO ViewS. 
In the drawings and description, particular 

types of tubes have been referred to and cer 
tain adjustments which are to be made to per 
mit these tubes to function properly. It is not 
my object to limit the application of the prin 
ciple of the circuit to these particular tubes, nor 
to the particular adjustments necessary for op 
eration of these tubes. These tubes were speci 
fied merely to disclose a clear description of the 
principal features of the circuit, and any other 
suitable tubes can be used When proper adjust 
ment of circuit constants are made which are 
suitable to the type of tube used. 

Neither is it my object to limit the circuit to 
the amplification of the output of a grid bias 
and two element detectors, nor to the amplifi 
cation of any certain frequency band. Any 
Suitable signal Source can be used and With 
proper adjustments any direct current voltages 

- or varying voltages of any frequency can be sup 
plied to the input and amplified through the cir 
cuit, the output of which can be used for any 
purpose to which it is applicable, neither is it 
my object to limit the application of the prin 
ciple to push pull circuits. 
Furthermore it is not the intention to limit the 

use of resistances as loads on the tubes, as it 
is clear that inductive reactances could be used 
in the plate circuits and a transformer could 
be used for inputting to the circuit in which case 
it would be less desirable to stabilize the circuit 
against slow voltage changes as the inductive 
reactances would not amplify slow changes. 

Referring now particularly to Figure 4. Which 
is a diagrammatic representation of that por 
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that would equal the drops between the nega 
tive side thereof to the junction of R3 and R4, 

tion of Figure 1 which acts to permit the recti 
fied output of a two element detector to be ap 
plied direct to the push pull circuit by stabiliz 
ing the circuit against slow voltage changes. 
The same reference characters are used in Fig. 
4 to identify corresponding parts as used in 
Figure 1. 
The battery is represented at , and repre 

sents that portion of the battery in Figure 1 

of tube 5. 

diagrammatically, the action of the combination, 
and as the characteristics of bridges are well un 
derstood, it will be clear that if R6 and R2 are 

5 
and is connected by wire 2 to point X of the 
network and by Wire 3 to point Y of the net 
Work. Resistors R, R2, and R3, are joined in 
Series, and connected between points Y and 
point S of the network. Resistor R, is connect 
ed between points S and point X of the net 
Work. Resistor R6 is connected between points 
Y and P of the network, and resistors R7 and 
R3 are connected in series between the points 
P and X, while resistor R27 is connected between 
points H and Y of the network. Resistors R28 
and R? are connected in series between points 
H and X, and R is connected at the juncture 
of R28 and R. and the opposite end to the grid 

Resistor R.9 is connected to the junc 
tu:'e of RT and R8 and the opposite end to grid 
of tube 4. Point P of network is connected by 
Wire 4 to the plate of tube 4, and point H is 
connected to plate of tube 5 by Wire 5. The 
filament of tube 4 is connected to point S by Wire 
l, and the filament of tube 5 is connected by 
Wire 8 to Wire 7. Screen grids are omitted to 
simplify the drawings. The output is numbered 
6 and 7 to indicate that output terminal 6 would 
connect the grid of tube 6 and output terminal 
would connect to grid of tube T. Arrows in 

dicate the direction of the currents when no sig 
nal is impressed across the input. 
AS indicated in Figure 4 the fundamental sta 

bilizing circuit forms an unbalanced double 
bridge, two of the arms of the bridge being com 
mon to both bridges. 
The first bridge consists of arm R and arm 

Rf, R2, and R3, which form one branch of the 
first bridge, the second branch consisting of arm 
R6 and arm R7 and R8 in series. Second bridge 

which form one branch of the second bridge, 
the second branch consisting of arm R27 and 
arm R28 and R in series. 

Large condensers C, shown in Figure 1 as con 
inected across R8 and across Rif, are here re 
placed by a large condenser connected between 
the junction of R and R28 and the junction of 
R and R8. 
Grid bias for tube 4 is obtained by the differ 

ence in voltage drop acroSS R and the voltage 
drop across R8 and the grid bias of tube 5 is 
obtained by the difference in voltage drop across 
R, and the voltage drop across R. Signal volt 
age is built up by currents in R9 and R? 0 in 
the same manner as was fully explained in the 
description of Figure 1. - 

Figure 4 is presented to more clearly illustrate, 

equal and R. and R28 are equal, and that R8 
and R are equal and the current in tubes 4 and 
5 the same, then there will be no voltage dif 
ference found between terminals 6 and T. With 
the values of resistors as given in Figure 1 both 
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bridges are in an unbalanced condition and both 
bridges are equally unbalanced. 

If a steady voltage is applied across the input 
Such that the grid of tube 4 is positive With re 
spect to the grid of the tube 5, then current 
in the tube 4. Would tend to increase and cur 
rent in the tube 5 would tend to decrease if there 
were no counter action to prevent this. 
As the tube 4 is in series with R6 and the 

tube 5 is in Series with R27, a greater voltage 
drop Would appear across R6 and a lesser drop 
across R27, causing a difference in potential 
across terminals 6 and 7. R7 and R8 are in series 
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with R6 and the battery, and a smaller drop 
would be measured across R1 and R8 due to the 
larger drop acroSS R5. 
R28 and R. are in series with R27 and the 

battery, and a larger drop Would be measured 
across R28 and R. due to the Smaller drop 
across R2. 
The point of junction between R and R8 

would be at a lower potential and the point of 
junction between R, f f and R28 would be at a 
higher potential than was the case before the 
voltage Was applied acroSS the input, thus the 
action of the bridge is to build up a difference 
in potential across the junction of R8 and R. 
and the junction of R and R28 which will 
oppose any difference of potential applied acroSS 
the input; however this will be the action only 
for comparatively slow rates of Change in po 
tential differences applied to the input termi 
nals. Where comparatively fast varying differ 
ences in potentials are applied acroSS the input 
terminals the condenser C. Will not permit a 
change in potential between the junction of R7 
and R8 and the junction of R, and R28 and the 
fast varying potentials will therefore cause a 
difference in unbalance between the two bridges 
and an amplified duplicate of the changes acroSS 
the input will be found across the Output termi 
nais 6 and . 
Thus a portion of the arm consisting of R7 

and R8 and the arm consisting of R28 and R. 
become the controlling factors governing the 
amount of current that can be passed by the 
tubes 4 and 5, tending to keep the currents con 
stant when a slow varying difference in poten 
tial is applied to the input terminals, but per 
mitting the currents to vary in Step with any 
fast varying potential differences applied to the 
input terminals. 
Should a Small change in values of R6 or R27, 

or Small changes in tube currents occur, the same 
action would obtain tending to hold the currents 
through tubes constant. 
R and R8 and R, f f are adjusted So that the 

grid bias with no signal impressed across input 
is proper for the type of tubes used. 

R28, if desired, could be connected to R8 and 
R7 connected to R, f and condenser C elimi 
nated and thus obtain a regenerative action 
rather than a degenerative action, at all fre 
quencies, or if desired condenser C could be re 
tained, in which case the regenerative action 
would obtain for slow varying potentials only. 

Having thus described my invention, What I 
claim and desire to secure by Letters Patent, is: 

1. In a direct coupled radio receiving circuit, 
comprising resistance in the plate circuits, a two 
element rectifier, a resistance in Series with the 
rectifier, and means for bypassing a portion of 
said latter resistance for cancelling out the di 
rect current component in the rectified current. 
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2. An amplifier for radio receiving circuits in 
cluding vacuum tubes directly connected in se 
ries, the output circuit of one tube being con 
nected to the input circuit of the succeeding tube, 
and a plate voltage supply and a plurality of re 
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sistors connected to the common plate and grid 
connections providing a plurality of separate 
paths for the signal and other currents in the 
output of Said tubes and across which plate po 
tentials progressively decrease, a portion of a 
separate path being common to a preceding input 
circuit. 

3. In combination with a radio receiving cir 
cuit, of an audio amplifier including a plurality 

2,065,610 
of vacuum tubes directly coupled, the output cir 
cuit of one tube being connected to the input 
circuit of the Succeeding tube, and a plurality 
of resistors having common connections to said 
connected input and output circuits, at least one 
of Said resistances being connected to bridge 
a portion of the input circuit of Said first tube 
for the purpose of providing audio feed back, 

4. In combination with a radio receiver circuit, 
an audio amplifier including a plurality of vacuum 
tubes arranged in a series of push-pull stages, 
the output circuit of each tube in one stage being 
directly connected to the input circuit of a corre 
Sponding tube in a Succeeding stage, and resist 
ance coupling means for providing regenerative . 
feedback between the stages. 

5. The combination with a receiving circuit of 
an amplifier therefor characterized by having the 
Output of one tube directly connected to the input 
of the following tube, a plurality of resistors form 
ing a polition of a bridge circuit, each resistor hav 
ing one end connected in common with each other 
aid to the common plate and grid circuit, one of 
said resistors having its other end connected to 
a Source of high potential in said circuit, and an 
other of Said resistors having its other end con 
nected to the bridge circuit of a preceding tube, 

6. In a radio receiving circuit in combination, 
an amplifier including a plurality of vacuum tubes 
connected in cascade, the plate of one tube being 
directly connected to the grid of the Succeeding 
tube, Said connection having connected thereto 
the common ends of a plurality of resistances, one 
of said resistances having its other end connected 
to the input of a preceding stage, and another 
of said resistances having its other end connected 
to a source of plate Supply. 

7. The combination with a receiving circuit, of 
an amplifier including a plurality of vacuum tubes 
directly coupled, the plate of one tube being direct 
ly connected to a grid of the succeeding tube, and 
a plurality of resistors one end of each being con 
nected in common with Said plate and said grid, 
one of said resistors having its other end connect 
ed to a control grid of a preceding tube for the 
purpose of providing feed back. 

8. A radio receiving circuit including a plurality 
of tubes arranged in a Series of push-pull stages, 
interstage conductors each directly connecting the 
output of a tube in one stage to the input of a cor 
responding tube in the Succeeding stage, and a 
plurality of groups of resistors each having one 
end connected in Common With one of Said con 
ductors, one resistor in each group having its other 
end connected to a control grid of a tube of the 
opposite phase. 

9. In a radio receiving circuit, a source of audio 
frequency current, an amplifier including a 
vacuum tube, and non-reactive connections be 
tween said. Source and said tube, a resistance in 
series with said Source, a capacitor by-passing a 
portion of Said resistance, a plurality of parallel 
resistors connected in common to the plate circuit 
of said tube, and means for providing direct cur 
rent feed back to said Source via one of said par 
allel resistorS. - 

10. In a radio receiving circuit for radio signals, 
an amplifier including thermionic tubes in push 
pull stages connected in series, one side of a push 
pull stage being energized by an audio frequency 
current Source and the other side of said stage 
being energized by a tube arranged as a phase in 
verter, and a plurality of parallel resistors one of 
which comprises the grid impedance for the tube 
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voltage across another of said resistors being ap 
plied to a control grid of the inverter. 

11. A radio amplifier including a plurality of 
tubes arranged in a series of push-pull stages, the 
OutputS of the tubes in one stage being directly 
Connected to the inputs of corresponding tubes in 
the Succeeding stage, and a plurality of resistors 
coupling said tubes and some of which provide 
regenerative feedback between the stages. 

12. In a radio amplifying circuit, a rectifier, an 
amplifier including a vacuum tube, non-reactive 
connections between said rectifier and said tube, 
a resistance in series with said rectifier, a capacitor 
by-passing at least a portion of said resistance, a 
plurality of parallel resistors connected in com 
mon to the plate circuit of Said tube, and means 
for providing direct current feedback to said recti 
fier circuit via One of said parallel resistors. 

13. In a direct coupled amplifier system, a plu 
rality of resistors interconnected to form a bridge 
circuit, a thermionic tube having its plate Con 
nected to One Corner of Said bridge circuit, its 
cathode connected to an opposite corner of Said 
bridge circuit, and its grid connected to one arm 
of said bridge circuit and adapted to control cur 
rents in said bridge circuit by means of the am 
plifying effect of said tube. 

14. In a direct coupled amplifying System, a plu 
rality of resistors interconnected to form an un 
balanced bridge circuit, a thermionic tube having 
its plate Connected to one corner of Said bridge 
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circuit and having its cathode connected to an 
opposite corner of said bridge circuit, and a grid 
of said tube connected to one arm of Said bridge 
circuit and adapted to control to prevent any fur 
ther unbalancing of direct current in Said bridge 
circuit, by means of the amplifying effect of the 
tube. 

15. In a direct coupled amplifying system, a 
stage comprised of a pair of thermionic tubes con 
nected in phase opposition to each other, a plu 
rality of resistors having one end thereof con 
nected in common to each other and connected to 
the plate of one of said tubes, a second plurality 
of resistors each having one end thereof connected 
in common to each other and connected to the 
plate of the other of Said tubes, the other end of 
one resistor in each of said pluralities being con 
nected to a source of plate potential, means con 
necting the other end of another resistorin each of 
the said pluralities to a source of potential less in 
value than that of Said first Source, means for in 
pressing a modulated frequency on the grid of said 
first tube, and means for impressing a voltage 
from the output of said first tube upon the grid 
of said second tube, said last means being con 
nected to a point, on One of Said resistOS aSSOci 
ated with the plate of said first tube, at which the 
intensity of said last voltage when amplified by 
said second tube is Substantially equal to the plate 
voltage of said first tube. 

GUY H. PARIS. 
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