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Sven G. Johansson, Cranford, N.J., assignor to 
Western Electric Company, Incorporated, New 
York, N.Y., a corporation of New York 
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This invention relates to electron discharge de 
vice circuits, and, more particularly, to a method 
and means for improving the gain and selectivity 
of amplifying circuits utilizing said devices. 
An object of the invention is to increase the 

gain and selectivity of amplifying circuits. 
A feature of the invention comprises increasing 

the gain and selectivity of an amplifier circuit 
that comprises an amplifying electron discharge 
device and an output transformer therefor, by 
feeding back a portion of the transformer output 
winding energy to the transformer input winding 
Side of the circuit. 
In a multistage transformer-coupled amplifier, 

the individual amplifier stage may be considered 
as including that portion between the input cir 
cuit of the amplifying device thereof to the out 
put side of the output transformer for the am 
plifying device. The gain of the stage will de 
pend, of course, upon the mu of the electron dis 
charge device, or tube, used as the amplifying 
device, and upon the impedance of the trans 
former. It may be shown that the stage gain 
=KQoI, where K is a constant dependent 

On the particular amplifying device used; Q is 
equal to the effective reactance of the trans 
former divided by its effective resistance; w=2ar 
times frequency; and T is the effective inductance 
of the transformer; where the impedance of the 
amplifying device's output circuit is small com 
pared to the impedance of the amplifying device. 
The Q of the transformer may be increased and, 
therefore, the output circuit or external imped 
ance of the amplifying device, either by an in 
crease of its effective reactance, or by a decrease 
of its effective resistance. 
In accordance with the invention, by feeding 

back a portion of the transformed output of the 
amplifying device from the secondary to the pri 
mary winding side of the transformer and am 
plifying it, the effective resistance of the trans 
former may be decreased, and, therefore, its Q 
increased. This results in an increase in the gain 
of the amplifying stage without affecting the gain 
of the amplifying device per se. The gain of the 
latter, of course, may be changed or adjusted by 
adjustment of the fixed bias on its input control 
grid. Since the band width of the transformer 
coupling is determined by its resonant frequency 
divided by its Q, the higher Q is, the sharper, or 
the narrower, the band width, i. e., selectivity, 
also, is improved by the feedback of energy be 
tween the windings of the transformer. 
A more complete understanding of this in 

vention will be derived from the detailed descrip 
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tion which follows, taken in conjunction. With the 
appended drawing, Wherein: 

Fig. 1 shows an amplifying circuit arrangement 
embodying this invention; 

Figs. 2 and 3 show modifications of the circuit 
of Fig. 1; 

Fig. 4 shows how this invention may be ap 
plied to transformer-coupled anpifier Stages of 
the so-called push-pull type; and 

Figs. 5 to 12, inclusive, show modifications of 
the circuit arrangements associated with the 
Windings of the output transformer of Fig. 1. 

Fig. 1 is a circuit showing of a portion of a mul 
tistage, transformer-coupled amplifier. It con 
prises an input transformer ), an output trans 
former , and a so-called pentode-triode elec 
tron discharge device 2. The windings of the 
transformers are shunted by variable condensers 
3 for tuning them to the frequency or frequency 
band to be amplified, the transformer coupling 
the device 2, for example, to a preceding stage, 
not shown, of the amplifier and the transformer 

coupling the device. 2, for example, to a suc 
ceeding electron discharge device i4, shown frag mentarily. 
The device 2 comprises a first amplifying 

means 20 constituted by the cathode 5, input 
control grid 6, screen grid , suppressor grid 8 
and anode 9, and a second amplifying means 
30 constituted by the cathode 2, control grid 22 
and anode 23. The cathodes are connected to 
gether and may be of the indirectly heated type. 
The output transformer comprises a pri 

mary winding 24 and a secondary winding 25. 
One end of the winding 24 is connected to anode 
9, and the other end through resistance 26 to 
the high or positive potential terminal of poten 
tial Source B, for example, a battery. Screen grid 
potential is provided through resistance 27 from 
a terminal on source B intermediate the high and 
ground potential terminals thereof. Negative 
biasing potential for grids 6, 22 is provided by 
Source A, for example, a battery, through grid 
resistances 28, 29. From a tap or terminal 3 
on the winding 25 of transformer connection 
is made through blocking condenser 32 to the 
grid 22, and from a tap or terminal 33 on wind 
ing 24 of transformer if connection is made 
through a plate resistance 34, by-passed by con 
denser 35, to the anode 23. Condensers 36, 37, 
38, 39 are by-pass condensers. 
The amplifying stage may be considered as 

that portion of the circuit included between the 
lines S1 and S2, i. e., from the input electrodes 
of the amplifying means 20 to the output side 

  



2 
of its output transformer . Such circuit may 
be the intermediate frequency stage of, or be used 
in, an intermediate frequency amplifier of a 
transmission circuit of the superheterodyne type. 
As already pointed out hereinbefore, the gain of 
the stage will depend upon the mu of the means 
20, and upon the impedance of the transformer, 
such gain being expressible as N=KQajL. The 
taps 3, 33 on the transformer windings 24, 25 
permit the feeding back through the amplifying 
means 30 of a preassigned portion of the ampli 
fied output of means 20 appearing across the 
transformer secondary, to the primary winding 
of transformer . The reduction in the effective 
resistance of the transformer results in an in 
creased Q, increasing the gain of the amplifying 
stage without affecting the gain of the amplifying 
means 20, and also increasing the Selectivity of 
the amplifying stage. Although the amplifying 
means 30 is shown as included within the same 
envelope or enclosure as the amplifying means 
20, it may be in a separate enclosure. The means 
20 functions to amplify the signal, e. g., a radio 
frequency signal, arriving through the trans 
former O from a preceding portion of the circuit, 
whereas the means 30 functions as a part of a 
regenerative circuit associated with the output 
transformer for the means 20 so as to improve 
the gain and sensitivity of the amplifying stage. 

Instead of an electron discharge amplifying 
device in the feedback path, the feedback ar 
rangement of Fig. 2 may be employed. The 
latter arrangement would be most useful for 
increasing the gain and selectivity of a stage at 
low frequencies, for example, of the order of up 
to about 1000 cycles per second. Numerals 40 
and 4 indicate the energizing winding and the 
armature respectively of a relay operating on 
low audio frequency current. The Winding 40 
is connected between the tap 3 and the lower 
end of the winding 25. The armature 4 has 
an aSSociated normally-open contact 42 con 
nected through current Source 43 to the lower 
end of the primary winding. The armature 4 
is connected through a resistance 44 to tap 33. 
The impedance of the relay winding and of the 
resistance 44 should be sufficiently large so as 
not to affect the Q of the transformer circuit. 

- A portion of the amplified low frequency out 
put of device 20 developed across the winding 25 
is effective across the winding 40 and causes 
armature 4 to vibrate at corresponding fre 
quency and, in vibrating, to engage with contact 
42 to complete the circuit from source 43, contact 
42, armature 4, resistance 44, tap 33, Winding 
24 to source 43, resulting in alternating current 
corresponding to the armature vibration being 
induced in the portion of the transformer sec 
Ondary across which the winding 40 is connected. 
A low frequency regenerative circuit is thus asso 
ciated with the transformer to give, as in the 
case of the circuit of Fig. 1, an effective reduction 
in the transformer resistance and an effective 
increase in the Q of the transformer. 
An alternative to the feedback circuit of Fig. 2 

is shown in Fig. 3. The feedback circuit includes 
an electro-mechanical amplifier 5), whose re 
ceiver Winding 5 is connected in shunt With a 
portion of the transformer secondary winding 25. 
The variable resistance element or button 52 is 
coupled to the diaphragm 53 of the receiver, and 
is included in a series circuit With a resistance 
44, a portion of the transformer primary winding 
and current Source 43. This arrangement per 
mits of a wider frequency range than that of 75 Fig. 6). 
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2,243,907 
Fig. 2, for example, of the order of up to about 
5000-7000 cycles per second. 
The invention is applicable, also, to trans 

former-coupled amplifying stages of the SO 
called push-pull type. As shown in Fig. 4, the 
transformer 60 coupling the pairs of electron 
discharge devices 70, 8 is provided with taps 
or terminals 3, 33' to which are connected the 
control grid and anode of an amplifying means 
38, as and for the purpose described with refer 
ence to the one-side amplifying circuit of Fig. 1. 
The feedback circuit connections to the trans 
former windings are shown as fixed, but, as in 
the case, also, of the circuits previously described, 
they could, of course, be adjustable. 

It will be understood by those skilled in the 
art that, as already indicated hereinabove, in 
the feeding back of a portion of the potential 
drop across the output Winding side of the trans 
former f, it is not necessarily required that the 
feedback connections be made directly to the 
windings of the transformer. Some preferred 
modifications are shown by Figs. 5 to 12, inclusive. 
In each of Figs. 5 to 12, parts or circuit ele 

ments the same or similar to those of the circuit 
of Fig. 1 are designated by like identifying char 
acters. The amplifying means 30 is shown as 
provided With a separate encloSure, an alterna 
tive referred to in the specific description of 
Fig. 1; biasing resistor 90 and by-pass condenser 
9 are connected in the lead to its cathode 2; 
a control grid-cathode circuit resistor 92 is con 
nected between its cathode 2 and its grid 22; 
and, where desirable because of an otherwise 
direct connection of its anode 23 to the Source B 
of anode potential, an anode circuit resistance 
93 is connected between the anode and the 
Source B. 
In the circuit of Fig. 5, a condenser 94 is con 

nected in series with each condenser 3 across 
each winding of the transformer f. The anode 
of the amplifying means 30 is connected to the 
junction of the condensers on the primary wind 
ing side, and its grid is connected to the junction 
of the condensers on the secondary winding side 
of the transformer. The condensers 94 are 
shown as of the fixed type, but may be variable. 
Addition of the condensers 95, shown by dotted 
lines, renders the regeneration adjustable about 
the initial fixed adjustment for the circuit. 
In the circuit of Fig. 6, the transformer is tuned 

to the desired frequency or band of frequencies 
by means of condensers 96 connected across the 
transformer windings, and the feedback connec 
tion is from an adjustable point on the resistance 
potential divider 97 through blocking condenser 
32 and the amplifying means to an adjustable 
point on a second resistance potential divider 97 
on the primary winding side of the transformer. 
Of course, condensers 96 may be of the variable 
type, and the connections to the resistance. 97 
may be fixed. 
The circuit arrangement of Fig. 7 combines 

features of that of Figs. 1 and 5, in that the feed 
back connection is from the junction of the con 
densers 3, 94 of the capacitance potential divider 
across the Winding 25 side of the transformer (as 
in Fig. 5), to a tap on the primary winding 24 
(as in Fig. 1); that of Fig. 8 combines features 
of Figs. 5 and 6, in that, the feedback connection 
extends between a capacitance potential divider 
on the secondary winding side (as in Fig. 5), to 
a point on a resistance connected across the 
primary winding side of the transformer (as in 
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The circuit arrangement of Fig. 9 combines 

features of Figs. 1 and 6 in that the feedback 
connection on the secondary winding side of the 
transfor aer is to a tap on the transfornier Sec 
ondary winding (as in Fig. 1), and on the pri 
mary Winding side is to a resistance 3 (as in 
Fig. 6); that of Fig. 10 combines features of the 
circuits of Figs. 1 and 5 in utilizing a capacitance 
potential divider on the primary Winding side 
(as in Fig. 5), and a connection to a tap on the 
transformer Secondary winding (as in Fig. 1). 
The circuit arrangement of Fig. 11 combines 

features of Figs. 5 and 6, in that a capacitance 
potential divider is connected across the primary 
Winding 24 (as in Fig. 5), and a resistance poten 
tial divider is connected across winding 25 (as in 
Fig. 6), with the feedback connection between 
an adjustable point on the latter to the junction 
of the condensers of the former; that of Fig. 12 
combines features of Figs. 1 and 6, in that the 
feedback connection is fron a resistance poten 
tial divider on the Secondary Winding side (as 
in Fig. 6), to a tap on the primary Winding of 
the transformer (as in Fig. i.). 
The circuits of Figs. 7 to 12 will be recognized 

as involving combinations of features of the cir 
cuit arrangements of Figs. 1, 5 and 6; and will 
suggest to those skilled in the art other and 
further modifications, and that, in particular 
circuit arrangements, it may be desirable to 
utilize a multigrid discharge device, a gas-filled 
tube, or a discharge device other than the three 
electrode amplifying means 3. The particular 
circuits described are believed at this time, how 
ever, to be the preferred embodiments of the 
invention. 
Although this invention has been disclosed 

With reference to several specific embodiments, 
it is to be understood that it is not limited 
thereto, but is of the scope embraced by the 
appended claim.S. 
What is clained is: 
1. A transmission system comprising a trans 

former having a plurality of windings; a Series 
circuit including a portion of one of Said Wind 
ings, a source of direct current and normally 
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Open circuit-closing means; means connected 
across a portion of a second of said Windings 
and adapted to operate said circuit-closing means 
at an audio frequency rate; and means to im 
press an audio frequency electric Wave across 
Said first Winding, whereby a portion of the audio 
frequency energy developed in said Second Wind 
ing is effective to energize the means connected 
acroSS a portion of Said second Winding to oper 
ate said circuit closing means at an audio fre 
quency rate So that audio frequency energy in 
said second Winding is increased. 

2. A transmission Systein comprising a trans 
former having a primary Winding and a Sec 
ondary Winding; a relay having an energizing 
winding, an armature and an associated contact; 
and a source of current, said Telay winding being 
connected across a portion of the transformer 
secondary winding, said source of current being 
connected in a circuit across a portion of the 
transformer primary winding, and said armature 
and aSSociated contact being included in Said 
circuit and being normally out of engagement, 
whereby low audio frequency electric energy 
developed in Said relay winding when electric 
wave energy is applied to the transformer pri 
mary winding causes engagement of said arma 
ture and contact at a corresponding rate to 
produce current flow in said primary winding 
from said current Source and an increase in the 
low frequency electric energy in the Secondary 
Winding. 

3. A transmission Systern comprising a trans 
former having a plurality of Windings and means 
to decrease the effective resistance of said trans 
former for frequencies in the lower part of the 
audio frequency range, said means comprising 
a normally-open direct current circuit including 
a portion of one transformer Winding, and a 
second circuit including a portion of a second 
transformer winding, said second circuit being 
energized by audio frequency energy developed 
in said second transformer winding and adapted 
to close said direct current circuit at a rate cor 
responding to the audio frequency. 

SVEN G. JOHANSSON. 


