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This invention relates to the amplification 
of electric currents of minute intensities 
such as experienced in the reception of radio 
telephonic and telegraphic signals by means 

5 of audion tubes of the three-electrode type, 
and more particularly to the provision of 
means for neutralizing, balancing, or other 
wise compensating for the inherent capacity 
coupling between the input and output elec 

20 trodes of the audion tubes of the amplifier. 
It has long been known that when audion 

tubes are energized and the filament and 
grid electrodes connected to a source of al 
ternating signal energy, and the filament and 

5 plate electrodes connected to a suitable out 
put circuit, that the variations in the output 
circuit are fed back into the input circuit, 
due to the inherent capacity coupling exist 
ing between the electrodes contained in the 

20 input and output circuits. These current 
variations fedback into the input circuit 
may, and frequently do, cause oscillations 
which, in amplifiers, are particularly ob 
jectionable since they interfere considerably p 

25 with the reception of the incoming signals 
and frequently rise to such magnitudes as to 
completely incapacitate the amplifier. 
In my copending applications Ser. No. 

18,019, filed March 24, 1925, and Ser. No. 
39 87,607, filed February 11, 1926, I have se 

cured the desired balance between the input 
and output circuits by means of a network 
which includes a coupling between one end 
of the input coil E. a point intermediate 

35 the ends of the output inductance, the point 
of connection to the output inductance being 
predetermined to establish a ratio between 
the turns of the output inductance on oppo 
site sides of the point of connection equal to 

40 the inverse ratio between the inherent ca 
pacities of the audion tube. However, a bal 
anced condition can also be obtained by a gr 
different network using a direct connection 
from the low potential end of the input in 

45 ductance to the plate through a suitable con 
denser, and arranging in this connection an 
inductance which is inductively coupled to 
the output inductance between the plate and 
the filament, This coupling is of such char 

50 acter that the ratio of inherent capacities 
between the electrodes of the audion bears a 
certain definite relation to the mutual in 

ductance of this coupling. The network may 
thus be balanced either by means of a va 
riable condenser which changes the ratio of 65 
the inherent capacities of the audion, or by 
varying the mutual inductance of the cou 
pling. 
In the accompanying drawings 
Fig. 1 is a diagram of a network for a sin- 00 

gle amplifier unit in which my invention is 
embodied in one form; 

Fig. 2 is a similar view in which my in 
vention is embodied in another form; 

Figs. 3 and 4 are diagrams of further 65 
modified forms. 

Referring to the drawings, particularly to 
Fig. 1, I have illustrated the usual audion 
electrodes, viz, plate 1, grid 2 and filament 3, 
input inductance 4 and output inductance 5. 70 
The input coil 4 is connected at its high po 
tential end directly with the grid electrode 
2. At its low potential end it is connected 
by line 6 with the plate electrode 1 through 
an inductance 7 and condenser 8. The out 
ut inductance 5 is arranged in the connec 

tion 9 from the battery B to the plate 1, the 
negative side of the battery being connected 
to the filament 3. The latter is, as usual, en 
ergized by its battery A. A tuning con- 80 
denser T is bridged across the input induc 
tance 4. 
The coils 5 and 7 in the output circuit 

have a mutual inductance. When the ratio 
of this mutual inductance to the self-induc-85 
tance of the coil 5 is equal to the ratio of the 
inherent capacity between the grid and fila 
ment electrode to the sum of this capacity 
plus the capacity between the grid and plate 
electrodes, the network is balanced. In order 00 
to establish this equality of ratios, I provide 
in the layout shown in Fig. 1 a balancin 
condenser 10 arranged between the plate an 

id electrodes, and by means of which the 
capacity between these electrodes may be 95 
varied with respect to the capacity between 
the grid and the filament electrode. The 
ratio of capacities may thus be made to cor 
respond to the ratio of mutual inductance 
between the coils 7 and 5 to the self-induc 
tance of the coil 5. w . 

Graphically stated, if the grid filament 
capacity (c) bears a certain ratio to the sum 
of the grid-filament capacity plus the grid 

w 

100 



10 

. 5 

20 

25 

30 

35 

40 

45 

50 

SS 

60 

s 

plate capacity (c--c), that ratio should be 
equal to the ratio of the mutual inductance 

) of the coils 5 and 7 to the self-induc 
tance (L) of the coil 5 

M 
C - c. L 

When this balance of ratios is established 
there can be no feed back of current from 
the output connections to the grid or input 
coil, and consequently there can be no oscil 
lations set up which give rise to the objec 
tionable squealing which occurs in an unbal 
anced network. 
In Fig. 2 the adjustment of ratios is ac 

complished by varying the mutual induc 
tance of the coils 5 and 7 instead of by vary 
ing the capacities between the electrodes, as 
in Fig. 1, and I have indicated this variable coupling at 11. 
In order to establish a direct current path 

between the grid and filament electrodes of 
the audion, any appropriate connection may 
be utilized. I have illustrated in Figures 1 
and 2 a connection 12 in which is interposed 
an appropriate high impedance 13, i.e., 
either a high resistance or choke coil, which 
will pass direct current. 
In Fig. 3 I have eliminated the direct 

connection between the filament and grid 
through the high impedance 13, and have 
established a direct current, low voltage con 
nection through the output coil 7 and a sup 
plementary coil 14 which may be also in 
ductively coupled to the coils 5 and 7. This 
arrangement may be somewhat more econom 
ical to construct, since the three coils 5, 7 
and 14 may be wound on the same tube. 
In Fig. 4 the coil 5 is replaced by a chok 

ing coil 15, and the alternating current flows 
now through only coil 14 instead of through 
both 14 and 5, as in Fig. 3. 
In all the layouts the coil 7 is the balanc 

ing coil and is inductively coupled to the 
coil or coils in the alternating current path 
between the plate and filament. 

It is understood that other specific net 
works which accomplish the same result, will 
readily occur to those dealing with the prob 
lem, which do not depart from what I claim 
as my invention. v 

I claim 
1. An audion amplifier network compris 

ing an alternating current plate filament cir 
cuit including an output inductance, an in 
put circuit between grid and plate connected 
to the output circuit at a point between the 
plate and the output inductance and includ ing an inductance inductively coupled to the 
inductance in the plate filament circuit 
whereby to neutralize the inherent capacity 
of the audion electrodes, and means for pre 
venting high direct current voltage from 
reaching the grid. 

2. An audion amplifier net work compris 
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ing an alternating current plate filament cir 
cuit including an output inductance, an in 
put circuit between grid and plate connected 
to the output circuit at a point between the 
plate and the output inductance and includ 
ing an inductance inductively coupled to the 
inductance in the plate filament circuit, 
whereby to neutralize the inherent capacity 
of the audion electrodes by relatively bal 
ancing the said capacities against said in 
ductances, means for preventing high direct 
current voltage from reaching the grid, and 
means for varying the values of balanced ele 
ments of the network. 

3. An audion amplifier network compris 
ing an alternating current plate filament cir 
cuit including an output inductance, an in 
put circuit between grid and plate connected 
to the output circuit at a point between the 
plate and the output inductance and includ 
ing an inductance inductively coupled to the 
inductance in the plate filament circuit 
whereby to neutralize the inherent capacity 
of the audion electrodes, and means for pre 
venting high direct current voltage from 
reaching the grid, and an external adjust 
able condenser for varying the ratio between 
the inherent capacities of the plate grid and 
filament electrodes. 

4. An audion amplifier network compris 
ing an alternating current plate filament cir 
cuit including an output inductance, an in 
put circuit between grid and plate connect 
ed to the output circuit at a point between 
the plate and the output inductance and in 
cluding an input coil, one terminal of which 
is connected to the grid and a second coil 
interposed between the other end of said 
input coil and the plate and inductively 
coupled to the output inductance whereby to 
neutralize the inherent capacity of the au 
dion electrodes, and means for preventing 
high direct current voltage from reaching 
the grid. - 

5. An audion amplifier circuit comprising 
plate, grid, and filament electrodes, an out 
put coil interposed between plate and fila 
ment electrodes, an input coil, one terminal 
of which is connected to the grid and the 
other terminal of which has an alternating 
current connection to the plate electrode, said 
connection being established to a point in 
the output circuit between the plate and the 
output coil, and a balancing coil arranged 
in said connection between input coil and 
plate electrode and inductively coupled to 
the output coil in the plate-filament circuit 
whereby to neutralize the inherent capacity 
of the audion electrodes. w 

6. An audion amplifier circuit comprising 
plate, grid, and filament electrodes, an out 
put coil interposed between plate and fila 
ment electrodes, an input coil, one terminal 
of which is connected to the grid and the 
other terminal of which has an alternating 
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current connection to the plate electrode said 
‘connection being established to a point in the 
output circuit between the plate and the out 
put coil, and a balancing coil arranged in 
said connection between input coil and plate 
electrode and inductively coupled to the out 
put coil in the plate-filament circuit, together 
with means for varying the ratio of elec 
trical values between related elements of the 
network to prevent retroactive effect of the 
output circuit upon the input coil. 

7. An audion amplifier circuit comprising 
plate, grid, and filament electrodes, an out 
put coil interposed between plate and fila 
ment electrodes, an input coil, one terminal 
of which is connected to the grid and the 
other terminal of which has an alternating 
current connection to the plate electrode, said 
connection being established to a point in the 
output circuit between the plate and the out 
put coil, means in the said connection to pre 
vent high direct current voltage from reach 
ing the grid electrode, and a balancing coil 
arranged in said connection between input 
coil and plate electrode and inductively cou 
pled to the output coil in the plate-filament 
circuit whereby to neutralize the inherent ca 
pacity of the audion electrodes. - 

8. An audion receiving system compris 
ing an alternating current plate-filament 
circuit including an output inductance, an 
input circuit between grid and plate con 
nected to the output circuit at a point be 
tween the plate and the output inductance, a 
direct current connection between grid and 
filament, and means for preventing retro 
action of the output voltage upon the input 
circuit including an inductance inductively 
coupled to the output inductance, said in 
ductance being a part of the input circuit. 

9. An audion receiving system compris 
ing an alternating current plate-filament 
circuit including an output inductance, an 
input circuit between grid and plate con 
nected to the output circuit at a point be 
tween the plate and the output inductance, 
a direct current connection between grid and 
filament, means for preventing retroaction 
of the output voltage upon the input circuit 
including an inductance inductively coupled 
to the output inductance, said inductance 
being a part of the input circuit, and ex 
ternal means for varying the ratio between 

55 
the inherent capacities of the plate, grid 
and filament electrodes. 

10. An audion receiving system compris 
ing an alternating current plate-filament cir 
cuit including an output inductance, an in 
put circuit between grid and plate connect 
ed to the output circuit at a point between 
the plate and the output inductance, a di 
rect current connection between grid and 
filament, means for preventing retroaction 
of the output voltage upon the input cir 
cuit including an inductance inductively 

3 

coupled to the output inductance, said in 
ductance being a part of the input circuit, 
and an external condenser connected be 
tween the grid and a point in the plate fila 
ment circuit. 

11. An electric wave receiving and ampli 
fying system employing vacuum tubes with 
plate, grid, and filament electrodes, and com 
prising an alternating current plate-filament 
circuit including an output inductance, a 
resonant input circuit between grid and 
plate and connected to the output circuit 
between the plate and the output inductance, 
a direct current connection between grid and 
filament, and means for preventing retro 
action of the output voltage upon the reso 
nant circuit including an inductance con 
nected in series with said resonant circuit 
between grid and plate, and inductively 
coupled to the output inductance. 

12. An electric wave receiving and ampli 
fying system employing vacuum tubes with 
plate, grid, and filament electrodes, and 
comprising an alternating current plate 
filament circuit including an output induc 
tance, a resonant input circuit between grid 
and plate and connected to the output cir 
cuit between the plate and the output in 
ductance, a direct current connection be 
tween grid and filament, means for prevent 
ing retroaction of the output voltage upon 
the resonant circuit including an inductance 
connected in series with said resonant cur 
cuit between grid and plate and inductively 
coupled to the output inductance, and an 
external condenser connected between the 
grid and one of the other electrodes. 

13. An electric wave receiving and am. 
plifying system employing vacuum tubes 
with plates, grid, and filament electrodes, 
and comprising an alternating current plate 
filament circuit including an output induc 
tance, a resonant input circuit between grid 
and plate and connected to the output cir 
cuit between the plate and the output in 
ductance, a direct current connection be 
tween grid and filament, means for prevent 
ing retroaction of the output voltage upon 
the resonant circuit including an inductance 
connected in series with said resonant cir 
cuit between grid and plate and inductively 
coupled to the output inductance, and an 
external condenser connected between the 
grid and a point of the plate-filament cir 
cuit. 

14. An electric wave receiving and ampli 
fying system employing vacuum tubes with 
plate grid and filament electrodes, and com 
prising an alternating current plate filament 
circuit including an output inductance, a 
resonant input circuit between grid and 
plate and connected to the output circuit 
between the plate and the output inductance, 
a direct current connection between grid 
and filament, and means for neutralizing the 
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effect of the output voltage upon said reso- whereby to obtain such neutralization for 
nant input circuit, said means including an substantially all frequencies of the receiv 
inductance connected in series with said ing range. 0. 
resonant circuit between grid and plate and n testimony whereof I have signed my 
conductively coupled to the output induc- name to this specification. 
tance, and means for varying the charac teristics of the inter-electrode couplings GEORGE A. SOMERSALO. 


