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This invention relates to amplifier. cir cuits and has for an object the provision 
of means for increasing the amount of am 
plification that may be secuired from an am 
plifier, particularly of the audion type. . 
As is well known in the art, a vacuum 

tube of the three-electrode type may be em ployed for amplifying currents since any 
currents impressed on the control electrode 
of the tube will appearin amplified form 
in the output circuit of the tube. It is also 
well known that the output and input cir 
cuits of the tube may be associated so that a portion of the output energy may be fed 
back into the input circuit to be reamplified, thereby greatly increasing the degree of am 

ification which may be obtained from a tube of a given type. Such arrangements 
applied to a single tube have in the past, given greatly increased amplification at a single or very narrow range of frequencies 
resulting in an amplifier of a highly selective 
character. This invention contemplates as sociating the outpi, and irapa circuits 
through a nutual ingedance of translator 
of uniform eficiency over a broad rags of frequencies, thereby greatly broadening the 
field of usefulness of such devicts. T. 
Suit is secured preferably by a tea 
one winding of which is placed is 
put circuit of the take 2nd ae y 
ing in the is put circuit of the tube; gre of 
the windings being shtiated by a resistance. 
It is found farthermore that, it is aces 
sary to limit the aircuit, of energy trans 
ferred back in order to prevent is genera 

One, End ion of unds, aged oscillations. al the preferred way of iriding the degree of 
feedback, is to make his resistance diast 
able as the increased airplification due to 
feed back will be zero when this resistance 
is zero, and anxiglum when adjusted just 
below the critical value which produces sing 
Yng. . 

This invention ville better understood by reference to the following detailed de 
scription, taken in connection with the ac companying drawings, in which Fig. 1 rep 
resents the preferred form of the invention; Fig. 2 represents amplification curves of a 
vacuum tube amplifier; and Fig. 3 represents 
this invention applied to a two stage am 
plifier set. . . . . . . .- 

Referring to Fig. 1, 4 is a vacuum tube 
having an anode 5, a cathode 6 and a con 

... g. 

trol electrode 7. Heating current for the Cathode 6 is supplied by a battery 9. Cur. 
rent for the output, circuit of the tube is supplied by source of voltage 10. 12 is a 
source of currents to be amplified which 
is associated with the input circuit of the 
amplifier by means of a transformer 13. A 
suitable receiving device 15 is associated 
with the output circuit of the amplifier by 
means of a transformer 16 so that the device 
15 will receive signals from source 12that have been amplified by tube 4. 

In order to increase the amount of am 
plification produced by tube 4, means are 
provided for feeding back to the input cir 
cuit of the tube a portion of the amplified 
Ge. in the tube's output circuit. This may be accomplished by inserting the pri 
mary winding 18 of stransformer in the 
gutput circuit of the tube and by inserting 
the secondary 19 of the transformer in the 
input circuit of the tube. A resistance 20 
is shunted around the winding 19 of the 
feed-back transformer in order to give the transformer practically uniform translating effigiency over a broad range of frequencies. 
This resistance is further made adjustabie 
So a the degree of eed back may be con 
trolled to any desired degree and thereby prevent the tube from singing or generating 
Éerinating current-a, condition that you'd 

be undesirable in the case of a vacuum tube used £g repeat signais without distortion. 
it is desirable that the visiue of this re 
sistance 20 should be adjusted so that it is 
just below the value which "will permit the 
tube to sing. With this adjustment, the 
maximum amount of amplification is secured 
from the tube, while still preventing the 
tube from singing. . 

try 
E. gig. 2 illustrates amplification curves for 

3 vacuum tube in which the ordinates repre 
Sent the degree of amplification obtained for 
an incoming impulse of a given strength and 
the 25scisse represent various yalues of fre 
queXcy the impulse may have." Curve 22 
represents the amount of amplification that 
may be obtained from a vacuum tube in which no feed-back is employed and may 
therefore represent the amplification curve 
of... tube 4 with resistance 20 equal to zere 
thereby providing a short-circuit for wind 
ing 19. Curve 23 represents the amplifica 
tion curve such as the tube 4 E. have when 
the feed-back connection is employed in ac 
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cordance with this invention. In one case 
where the value of resistance 20 was 2500 
ohms, the ratio of output current to input 
current was 40 for the peak of the curve 23 
which represented frequencies of the order 
of 400 to 600 cycles. Heretofore feed-back 
amplifiers have had amplification curves 
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the outgoing line 31. 

such as curve 24 of Fig. 2, where the greatly 
increased amplification results only for a 
single frequency or a very narrow range of 
frequencies. As shown by the relative 
values of the ordinates of curves 22 and 23 
the feed-back connection of this invention 
causes an enormous increase over a consid 
erable range of frequencies in the amount 
of amplification that may be secured from 

The degree of uniformity, with 
which curve 23 is increased over curve 22 at 
various frequencies depends on the refine 
ment of design of the feed-back transformer 
and also on the uniformity of impedance of 
the receiving device to which the output cir 
cuit of tube 4 is connected. The most uni 
form characteristic will be obtained when 
the receiving device presents a simple re 
isistance impedance. 

One way in which the feed-back amplifier 
may be made to work into a receiving device 
of uniform impedance is to associate the out 
put circuit of the feed-back amplifier with 
the input circuit of a second amplifier. Such 
an arrangement is shown in E. 3 where 
transformer 16 has its secondary winding 
connected in the input circuit of an ampli 
fier 30 which is located between tube 4 and 

The input impedance 
of tube 30 as seen from the input of trans 
former 16 closely approximates a simple re 
sistance impedance of constant value due to 
the presence of the resistance element 25 in 
shunt to the secondary. winding of trans former 16. A substantially uniform char 
acteristic will therefore be obtained over a 
wider range of frequencies by the use of the 
circuit arrangement of Fig. 3, even though 
the load connected to the outgoing line 31 
has an impedance highly variable with fre 
quency. 
What is claimed is: , 
i. in an electric system, a vacuum tube 

having an input circuit and an output cir 
cuit, a. source of signals to be amplified, a 
transformer having a plurality of windings, 
one of said windings being associated with 
said source, another of said windings being 
associated with said input circuit, a second 
transformer having a plurality of windings, 
one of the windings of said second trans 
former being in said output circuit, another 
of the windings of said second transformer 
being in said input circuit, and means com 
prising a resistance in shunt to the winding 
of said second transformer in said input cir 
cuit of such value as to limit the amount of 
energy transferred through said second 
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transformer sufficiently to prevent the gen 
eration of oscillations by said tube. 

2. In an electric system, a vacuum tube 
having an input circuit and an output cir 
cuit, means for supplying to said input cir 
cuit currents to be amplified, means compris 
ing a transformer for feeding back to said in 
put circuit a portion of the amplified currents 
in said output circuit, and an adjustable re 
sistance in shunt to a winding of said trans 
former, said resistance being adjusted to a 
value just below the critical value which will produce singing. 

3. In an electric system, a vacuum tube 
having an input circuit. and an output cir 
cuit, a transformer having a winding in said output, circuit and a WE in said input 
circuit, and means for giving said trans 
former a substantially uniform translating 
-efficiency over a broad range of frequencies 
simultaneously transmitted through said 
tube, while preventing said tube from gen 
erating sustained oscillations. 

4. In an electric system, a vacuum tube 
having an input circuit and an output cir 
cuit, a transformer having a winding in said output circuit and a winding in said input 
circuit and ?means comprising a resistance in 
circuit with a winding of said transformer 
for making the translating efficiency of said 
transformer substantially uniform over a 
broad range of frequencies simultaneously 
transmitted through said tube, while pre venting said tube from generating sustained 
oscillations. 

5. in an electric system, a vacuum tube 

s 

100 
having an input and an output circuit, a 
source of waves applied to said input cir 
cuit, coupling means for feeding energy, cor 
egg frequency to said waves, fron 

said output circuit back to said input cir 
cuit less than the amount necessary to gen 
erate sustained oscillations, and a second 
vacuum tube having its input circuit asso 
ciated with the output circuit of said first 
mentioned tube, said input circuit of said 

5 
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second vacuum tube being designed to have 
a substantially pure resistive impedance. 

6. In an electric system, a vacuura tabe 
having an input circuit and an output cir 
cuit, a transformer for transferring energy 
from said output, circuit to said input cir 
cuit, and means for causing the impedance 
of said input circuit as viewed from said 
output circuit through said transformer to 
approximate a pure resistance over a wide 
range of frequencies, while preventing said 
tubes from generating sustained oscillations. 

7. In an electric system, a vacuum tube 
having an input circuit and an output cir 
cuit, means comprising a translator of uni 
form efficiency over a wide range of fre 
quencies for transferring energy from said 
output circuit to said input circuit, and a 
resistance in shunt to a portion of said trans SO 
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lator, said resistance being of such value that 
the combination of said translator and said 
resistance,P amount o 
range of uencies. . 

8. In an electric system, a vacuum tube. 
amplifier having an input circuit and aa 
output circuit, a transformer for transfer ring energy from said output circuit to said 
input eircuit, and a resistance in shunt to 
a winding of said transformer of such a 
value as to prevent said tube from generat 
ing sustained oscillations. . . . . - 

9. In combination a feed back amplifier 
comprising means for producing a sub 
E. were i. action i. road range of frequencies, an outgoing line 
having an impedance varying with fre 
quency, and means between said anplifier 
and said line for preventing said line of 
variable impedance from distorting the feed 
imp ification characteristic of said am 
10. In combination an amplifier compris 

ing means for producing a feedback c 
tion from its output circuit to its input cir 
cuit too .to t inoscillation, 8 Out e having an impedance vary 

ing E. and means between a 
and sai E. G O plifier to amplify independently of the varia 

able E. bf said line. i. 
11. In combination a feedback, amplifier 

feed-back action OWe wide 
rovides a substantially uniform 

1919. 
having an output circuit and an input, cir-. . . as "...iii. 

output circuit and having an impedance ap 
proxirating pure resistance. . . . . 

12. In combination, a feed back ampli. 
an input circuit and an output fier ity circuit and means for producing a feed-back 

action from its output circuit to its i ps ER circuit too weak to cause sustained oscilla 
tion, an outgoing line, a transformer hav 
ing winding in said output circuit, and a 
winding in said line, and a resistance in. 
shunt to the winding of said transformer in 

a feedback amplifier 18. In combination 
having input terminals and output terminals 

a substantially uni and means for causi 
form antiount of f 
broad range of frequencies, a receiving de 
vice, connections between said outputter 
minals and said device, and a 
shunt to said connections. 

14. In combination a vacuum tube ampli 
resistance in 

back action over a . 

K 

do 

fier having an input circuit and an output 
circuit, a transformer of high mutualim ance and low shunt capacity for feeding ack into said input circuit sportion of the 
energy in said output circuit, and a resist 
ance in shunt to a winding of said trans 
former, said resistance being of such value 
as to prevent said tube from generating os 
cillations. S . 

In witness whereof, I hereunto subscribe 
my name this 3rd day of November, A. D. 

ROBERT C. MATHEs. 
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