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To oll whom it may concern:

Be it known that I, WrrLisar L. CASPER, a
citizen of the United States, residing at
Brooklyn, in the county of Kings, State of

8 New York, have invented certain new and
useful Tmprovements in Electric Cireuits,
of which the following is a full, clear, con-
cise, and exact description. !

~ This invention relates to electric circuits

10 and more particularly it relates to methods
and means for reducing the distortion in-a
repeating system,

As is well known in the art, weak currents
or signals may be amplified to any desired

15 degree by impressing them on one or more
vacuum tube amplifiers arranged to work
into each other by suitable circuit connec-
tions. In employing the vacuum tube as an
amplifier it has been found that the tube

20 works most efficiently when the impedance
between the control electrode and the cath-
ode is composed substantially of resistance
with no capacity component.” In that form
of a vacuum tube wherein the control elec-

25 trode or grid is within the tube and adja-
cent to the cathode there is present a certain
amount- of capacity between the cathode and
the grid, dependent in value upon the size
of the electrodes and the distance therebe-

30 tween. This capacity effect is generally neg-
ligibly small for currents of low frequency
but if the frequencies impressed on the tube
are relatively high the capacity effect may be
quite appreciable and cause a certain amount

5 of distortion in the current waves to be re-

peated. It has also been found in the case
where the vacuum tube repeater is connected
to the incoming line by means of a trans-
former that further distortion and a lower-
ing of the efficiency of the repeater takes
place, which distortion is due to capacity
effects between the turns of the windings of
the transformer.

In accordance with this invention, the

5 undesired grid-cathode capacity and the
transformer capacity may be neutralized by
including in series with these capacities an
inductance of such value as to be resonant
therewith for the frequency or band of fre-
quencies which are of the most importance
in the impressed currents. With such an ar-
rangement, the grid capacity and the trans-
former capacity will be neutralized, which is
the result desired.

55 This invention will be better understood
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by reference to the following detailed de-
scription taken in connection with the ac-
companying drawings in which Fig. 1 rep-
resents an embodiment of this invention;
Fig. 2 is a modification thereof; Fig. 8 illus-
trates how a transformer may be made to
have an inefficient coupling for the purpose
of this invention; and Fig. 4 illustrates how
the additional inductance for neutralizing
the undesired capacities may be wound on
the core of the transformer in which the un-
desired capacity is present.

Referring to Fig. 1, 5 is a vacuum tube
amplifier having a cathode 6, a grid 7 and an
anode 8. Heating current for cathode 6 is
supplied by a battery 9. Space current for
the tube is supplied from a source of volt-
age 10. The input electrodes 6 and 7 of the
tube are connected to an incoming line 11,
11 by means of a transformer 12. The
amount of potential impressed on the tube
5 by line 11,11 is determined by the value of
potentiometer 17. The output electrodes 8
and 6 of the tube are connected to an out-
going line 13, 13 by means of a transformer
14.- With such an arrangement tube 5 is
adapted to amplify currents impressed on
line 11, 11 by source 15, the amplified cur-
rents being impressed on line 13, 13 by trans-
former 14

It has been found even where the fre-
quency of the incoming current is as low as
1,000 cycles, that the impedance between
grid 7 and cathode 6 consists not only of a
resistance component but has an appreciable
capacity component. This capacity compo-
nent produces distortion in the repeated sig-
nals and is, therefore, undesirable particu-
larly for ultra-audio frequencies where the
effect is most marked. It has also been
found that there is a lowering of the effi-
ciency of the system due to the capacity ef-
fect present between the windings of input
transformer 12. In accordance with this in-
vention the undesired grid capacity and the
transformer capacity are substantially elimi-
nated by inserting, in series with the pri-
mary winding of transformer 12, an induc-
tance 18 ‘of such a value as to be resonant
with these capacities for the frequency of
source 15. In case source 15 supplies a plu-
rality of frequencies, resonance should oc-
cure for that frequency or band of frequen-
cies which is of the most importafice. This
inductance 18 therefore serves to neutralize
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the transformer capacity and also causes the
impedance between grid 7 and cathode 6 to
be of substantially pure resistance in char-
acter, thereby improving to a considerable
degree the quality of the transmission be-
tween lines 11 and 13.

In the circuit arrangement of this inven-
tion wherein it is desired to employ, in con-
nection with this invention, a potentiometer
for adjusting the amount of potential ap-
plied to the vacuum tube from the incoming

line, it has been found more satisfactory, as

shown in Fig. 1, to have the potentiometer
connected to the primary of the input trans-
former instead of the secondary winding as
has hitherto been customary in the art.

As an example of the value inductance 18
may have it was found that with a vacaum
tube having an effective capacity of 75 mi-
crofarads between its input electrodes for a
frequency of 2000 cycles and with a trans-
former having a ratio of 1 to 40 and with a
capacity between its turns of 25 micromicro-
farads for the same frequency, inductance
18 should be approximately 3 millihenrys.

It is not necessary that the correcting in-
ductance be a seéparate element of the cir-
cuit. Fig. 4 shows how additional turns 20
may be wound around the core 21 of a trans-
former so as to have little or no mutual in-
ductance with the primary and secondary
windings 22 and 23 of the transformer.
These turns 20 should be electrically con-
nected in series with the primary winding
of the transformer so that the device of
Fig. 4 is the full equivalent of elements 12
and 18 of Fig.'1. - o

Fig. 2 is a modification of Fig. 1 in that
for transformer 12 of Fig. 1, a transformer
25 has been substituted which has an-in-
efficient coupling. A transformer with an
inefficient coupling is equivalent to ‘a trans-
former of perfect coupling with an induc-
tance element in series with the primary and
secondary windings. If now the coupling
of transformer 25 is made inefficient to such
a degree that the equivalent inductances.26
and 27, in circuit with its primary and sec-
ondary windings, are of such values as to be
resonant with the transformer capacity and
the grid capacity for the frequencies of im-
portance in the incoming currents, it follows
that these capacities will be neutralized in
a manner similar to that in the system shown
in Fig. 1. ' .

One way in which the coupling of a trans-
former may be made inefficient, is shown in
Fig. 8 where a sheet 29 of magnetic material
has been placed between the primary and
secondary windings 80 and 31 of a trans-
former. This sheet 29 will serve as a by-
path for some of the lines of force between
the primary and secondary windings there-
by making the transformer inefficient. By

- regulating the size of this element 29, it will
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be possible to produce the desired degree of
inefficient coupling in the transformer,
which is necessary to give the equivalent in-
ductarnce for nentralizing the grid and trans-
former capacities for the frequencies to be
transmitted by the vacuum tube circuit. It
is obvious that the coupling in a transformer
may be made inefficient in other ways than
the method just described.

What is claimed is:, B

1. In a wave transmitting circuit for si-
multaneously transmitting a band of fre-
quencies, a transformer having a greater
transmission efficiency for certain of the fre-
quencies in said band than for others, said
transformer possessing a capacitative react-
ance component, and means for rendering
the transmission efficiency of said trans-
former more nearly uniform for all the fre-
quencies in said simultaneously transmitted
band, comprising inductance separate from
and in addition to the transformer for co-
operating with the capacitative reactance
component of ‘the transformer to improve
the efficiency for those frequencies at which
the transformer alone has relatively low
efficiency. '

2. In a wave amplifying circuit for am-
plifying a band of frequencies, an amplifier
and a transformer in-tandem relation, said
amplifier and transformer having a greater
transmission efficiency for certain of thé

frequencies in said band than for other fre-

quencies of said band, and.said transformer
and amplifier possessing a capacitative re-
actance component, and means for render-
ing the transmission efficiency of said trans-
former and amplifier more nearly uniform
for all the frequencies in said band, com-
prising an inductance in said circuit and
separate from and in addition to said trans-
former and amplifier for cooperating with
the capacitative reactance component of'said
transformer and amplifier to improve the
efliciency for those frequencies at which the
transformer and amplifier alone have rela-
tively low efficiency while still permitting
the efficient transmission of those frequen-
cies of the band for which the system with-
out said inductance has high transmission
efficiency.

3. In a wave amplifying circuit for si-
multaneously amplifying a band of frequen-
cies, an amplifier and a transformer in tan-
dem relation, said amplifier and transformer
having a greater transmission efficiency for
certain of the frequencies in.said band than
for other frequencies in said band, and said

transformer and amplifier comprising re-

actance, and means comprising inductance
separate from and in addition to the reac-
tance of the transformer and amplifier for
so resonating with the reactance of the trans-

former and amplifier as to increase the effi-
ciency, at those frequencies at which the.
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transformer and amplifier alone have rela-
tively low efficiency, to such a value that
the width of the band of frequencies which
are simultaneously transmitted with equal

efficiency is increased.

4. In a wave amplifying circuit for am-
plifying a band of speech frequencies, an
electric discharge amplifier having an anode,
a cathode, and 4 control electrode, a trans-
former having a primary winding and hav-
ing « secondary winding connected to said

cathode and control electrode, an appre-

ciable capacity effect existing between the
turns of said windings, said amplifier hav-
ing ar appreciable capacity effect between
said cathode and control electrode and said
capacity effects tending to cause certain fre-
quencies of said band to be transmitted more

efficiently than other frequencies of said

band, and an inductance element separate
from and ih addition to said transformer
and amplifier and acting effectively in series
in the lme of propagation of said waves for
so resonating with said capacity effects as
to increase the efiiciency, simultaneously at
those frequencies at which the transformer
and amplifier alone have relatively low effi-
ciency, to such a value that the width of the
band of frequencies which said circuit. is
capable of transmitting simultaneously with
equal efficiency is increased. :

5. In a wave amplifying system for am-
plifying a band of frequencies, an ampli-
fier, an input transformer feeding said am-
plifier, said transformer having a capacity
effect between the turns of its windings, said
amplifier having input terminals between
which an appreciable capacity effect exists,
and said capacity effects acting as a shunt
across the line of propagation of said waves
to cause certain of the frequencies of said
band to be transmitted with less efficiency
than other frequencies of said band, and an
inductance separate from and in addition
to said transformer and amplifier and con-
nected effectively in series in the line of
propagation of said waves, which indue-

“tance, while permitting the system to trans-

mit with substantially the same efficiency
those frequencies of the band for which it
has greater transmission efficiencies, and

~with the same adjustment of the system,

resonates with said capacity effects to in-
crease the efficiency at those frequencies at
which the transformer and amplifier alone
have relatively low efficiency. to such a value
that the width of the band of frequencies
which said system is capable of transmit-
ting with equal efliciency is increased.

In witness whereof, 1 hereunto subscribe
my name this 15th day of MarchAA. D. 1920,

' WILLIAM L. CASPER.
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