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This invention relates to electrical trans 
mission circuits, and particularly to ampli 
fier circuits. 
An object of the invention is to control 

the transmission characteristic of amplifier 
cil'cuits. 
A specific object of the invention is to ob 

tain uniform amplification over a wide range 
of frequencies. 

Heretofore, branched core structures have 
been used for mounting transformer Windings 
associated with two or more circuits, but 
in all cases the branches of the structures and 
the windings mounted thereon have been 

15 balanced to prevent coupling between the cir 
cuits. 
According to this invention, a branched 

core structure is employed in an amplifica 
tion circuit for mounting both the input and 

20 output transformers and by unbalancing the 
arrangement of the core structure or wind 
ings, coupling is provided between the two 
sets of windings. The transmission char 
acteristic of the amplifier can be controlled 

25 by means of this coupling effect. Specifically, 
the coupling may be adjusted to give uniform 
transmission throughout a wide band of fre 
quencies by increasing the amplification of 
the lower frequencies where the gain is usu 

O 

30 
mutual impedance of both the input and 
output transformers. 
In one embodiment this invention com 

prises a core structure having three legs with 
one set of windings mounted on One leg and 
the other set divided between the other two 
which are unbalanced, for example, by pro 
viding one with an air gap. 
This invention not only provides a simple 

way of controlling the characteristic of an 
amplifier but the use of a single core struc 
ture for both transformers will in many in 
stances result in a considerable Saving in cost 
and space requirements. 
This invention can be more readily under 

stood by reference to the following detailed 
description in connection with the drawing 
in which: Fig. 1 shows diagrammatically 
one embodiment of the invention in a vacuum 
tube amplifier circuit, and Fig. 2 shows 
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ally low due to the shunting effect of the 

graphically the amplification frequency char 
acteristic of the circuit of Fig. 1. 

Referring to the drawing, there is shown 
a core structure 4 having three legs 5, 6 and 
7 and formed of two stacks of E shaped 
laiminations. Mounted on the middle leg 6 
are two transformer windings 8 and 9 which 
serve as the input transformer for a vacuum 
tube amplifier 10. The secondary winding 
9 is connected to the input electrode of the 
tube 10 through a grid biasing battery 11, in 
the usual manner. 
Two windings 12 and 13 are mounted on 

the outer legs 5 and 7, respectively. These 
Windings are connected in series to form the 
primary winding of the output transformer 
for the tube 10 and are connected to its out 
put electrodes through a plate battery 14, in 
the usual manner. Two other windings 15 
and 16 are also mounted on the outer legs 
5 and 7, respectively, and are connected to 
gether in series to form the secondary wind 
ing of the output transformer. For the sake 
of clearness, the windings on each leg are 
shown in the diagram side by side. Obvious 
ly in a physical embodiment it is preferable 
to wind one over the other. 

Magnetic flux in the leg 6 produced by 
current flowing in the winding 8 will divide 
and take paths in opposite directions through 
the legs 5 and 7 so that, when the outer legs 
and the windings thereon are balanced, the 
inductive effects in windings 12 and 15, for ex 
ample, due to the flux produced by the wind 
ings 8 and 9, are neutralized by the core 
sponding flux in windings 13 and 16. 

Similarly, when the outer legs and wind 
ings thereon are balanced, the magnetic flux 
produced in legs 5 and 7 by current in either 
coils 12 and 13 or 15 and 16 does not pass 
through the leg 6 which then connects points 
of equal magnetic potential. 

However, by unbalancing the structure, it 
is possible to produce an inductive coupling 
between the input and output transformer 
windings. In the embodiment shown in the 
drawing, an unbalance is obtained by the use 
of an air-gap 17 in the leg 7, which gives a 
higher reluctance than the butt joints of the 
other legs. The coupling produced by this 
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unbalance causes a feedback from the output 
transformer to the input transformer which 
gives an increased amplification at the lower 
frequencies for the following reasons. When 
the fluxes in the input and output trans 
formers are in phase, the feedback is a maxi 
mum. This occurs at the low frequency end 
of the characteristic. As the frequency in 
creases, there is a difference in phase between 
the fluxes of the input and output trans 
formers, due to the phase shift in the input 
transformer, which in turn is due to the effect 
of its leakage and distributed capacity. The 
result of this is to reduce the effect of the feed 
back at higher frequencies. By regulating the 
length of the air gap, i.e., the difference in the 
length of the gap 17 and the gaps in the other 
legs, it is possible to control coupling between 
the input and output windings to give a 
desired amount of feed back. 

Obviously, the unbalance may be accoln 
plished by other means, for example, by 'e- 
ducing the cross-section of one of the outer 
legs or by winding a larger portion of the 
windings on One leg than on the other. Also, 
of course, the output transformer may be 
mounted on the inner leg and the input trans 
former on the outer legs, if desired. 
Fig.2 shows graphically the amplification 

characteristic obtained experimentally on the 
amplifier of Fig. 1. The abscissae represent 
frequencies in cycles per second and the or 
dinates amplification in transmission units. 
Curve A shows the amplification characteris 
tic when the outer legs and windings thereon 
are balanced, that is, with no feed back. 
Curve B shows the characteristic when an air 
gap is inserted in one leg to give an unbalance 
which will produce substantially uniform 
amplification throughout the frequency range 
from 60 to 5,000 cycles per second. 
The constants of the circuit, of course, may 

be adjusted to give other types of charac 
teristics, for example to give a high amplifi 
cation at the lower frequencies to compensate 
for distortion in other parts of the circuit in 
which the amplifier is employed. 
While this invention has been described in 

connection with a vacuum tube amplifier, ob 
viously it may be used with any non-passive 
transmission element. 
What is claimed is: 
1. In combination, a transmission element 

having input and output terminals, and a 
combined input and output transformer 
therefor comprising a branched core struc 
ture, input transformer windings mounted on 
one branch and output transformer windings 
mounted on another branch, and means for 
controlling the wave transmission character 
istics of the combination comprising means 
for unbalancing said transformer to provide 
coupling between said input and output 
Windings. 

2. In combination, a transmission element 
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having input and output terminals, a com 
bined input and output transformer there 
for comprising a magnetic core having three 
branches and input and output windings, One 
of said windings being mounted on One branch 
of said core and the other of Said windings be 
ing divided between the other branches of Said 
core, and means for controlling the transmis 
sion characteristic of the combination com 
plising means for unbalancing said trans 
former to provide inductive coupling between 
said input windings and said output Wind 
ings. 

3. A combination according to the next pre 
ceding claim in which the branches of the core 
between which the said other of said wind 
ings is divided have such different magnetic 
reluctance as to give the desired unbalance of 
said transformer. 

4. In combination, an amplifier for uni 
formly transmitting a wide band of frequen 
cies, and a combined input and output trans 
former therefor comprising a branched core 
structure and input and output windings 
mounted on separate branches, said trans 
former being unbalanced to provide coupling 
between said windings to increase the amplifi 
cation of frequencies in the lower portion of 
said band. 

5. In combination, an electric discharge de 
vice having input and output terminals, a 
combined input and output transformer 
therefor comprising a magnetic core having 
three branches, input transformer windings 
mounted on one branch and Output trans 
former windings divided between the other 
two branches, and means to control the trans 
mission characteristic of said combination 
comprising means for producing a different 
magnetic reluctance in one of Said two 
branches of said core than in the other of said 
two branches. 

In witness whereof, I hereunto Subscribe 
my name this 26th day of August A.D. 1926. 

HORACE WHITTLE. 
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