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My -invention relates -to thermionic amplifiers
and has-particular ‘reference to an alternating
voltage amplifier circuit including meansfor-neu-
tralizing or-compensating:for changes in ‘the in-
ternal capacities of ia thermionic ‘amplifier-tube
to prevent those changes:from affecting the phase
relation between thein-put and out-put-voltages
of the amplifier.

In certain thermionic alternating -voltage:am-
plifier- gpplications it .is . desirable to maintain: a
fixed phase-relation between the in-put and-out-
put potentials of the amplifiers, and it is also
often necessary to vary-the grid bias on:the ther-

mionic - tubes-of 'such amplifiers for the purpose .

of varying the amplification of such tubes; for
example, as by means. of automatic volume con-
trol circuits. It has been discovered thai the
change in space charge due to changing the grid
bias of the tube causes & change in the effective
grid to cathode or grid to.space-charge capacity
of the tube and this change produces a corre-
sponding change- in. the phase relationship be-
tween the in-put:and out-put voltages of the am-
plifier.

-Attempts have been made prior to my inven-
-tion to neutralize or compensate for this chang-
ing in-put.capacity of the tube, but these attempts
have not.been directed to maintaining a constant
phase. relationship- between. the in-put and.out-
put voltages.  As a resulf, the neutralizing means
employed prior.to my.invention while compensat-
ing for-the changing in-put capacity of the tube
affected- also the out-put circuit of the tube so
as to.cause a shift in phase of the. out-put poten-
tial'with respect to the in-put potential

The present invention -is directed to a means
for neutralizing or-compensating for the-effects
of the grid circuit-neutralizing-means-on- the out-
put -circuit of the tube and’is also directed:to a
circuit including means. for neutralizing or com-
pensating for the changes in the in-put-capacity
of the tube, the out-put capacity-of:the tube-and
the grid to plate capacity of the tube.

It is; therefore, -an-object-of my invention to
provide a thermionic- amplifier-circuit- which in-
¢lndes a means for maintaining-a fixed phase-re-
1ationship between ‘the ‘in=put -and: out-put volt-
ages of the thermionic tube irrespectiveof changes
in grid bias.

It is also an object of my invention to provide
an. amplifier circuit of the character set forth
in the preceding paragraph which includes a
means for neutralizing the effect .of. changes.in
the in-put: capacity of the tube and.a means.for

10

15

20

[~
oL

40

55

2
compensatmg for ‘the -effect of: the . neutralizing
means on: the out- put cireuit.of.the tube.

It is & :still further object.of my 1nvent10n to

.provide :a-thermionic. circuit of the character. set

forth in the preceding. para.graphs which includes
a compensating means, for reducing the grid to
cathode voltage in accordance with increases.in
the grid to cathode capacity.of the tube.

It-is-additionally.an. object-of my invention to
prov1de an.amplifier, circuit: of the character set
forth .in.the. precedmg paragraph in which-the
compensating means is inéluded. in’that, portion
of the circuit which is, common.to both the grid
and plate circuits.of the tube, and whiclh includes
also neutralizing means for preventing a phase
shift in the out-put. voltage resulting from.reac~
tive current flowing in said portion of ‘the circuit
through the plate to cathode capacity of the tube.

Other objects and adyantages of my invention
will ‘be apparent. from a study of the following
specifications, read in connection with the accom-
panying drawing, wherein:

Fig. 1.is.g circuit diagram illustrating the pre--
ferred embodiment of ‘my.invention; and:

‘Figs. 2, 3-and:4 are each . circuit diagrams illus-
trating modified forms of the invention,

Reéferring to the drawing, T have illustrated in
Fig. 1 a ‘thermionic alternating voltage amplifier
circuit as ineluding -a thermionic-amplifier tube
or vacuum tube 1 of:conventional. construction
including at least a.cathode or electron emitter,
an anode .or plate, and a control-electrode or grid.
For the purpose of simplifying “the -illustration
and the description, a conventional three element
tube has been -shown.. . Tt will ‘be appreciated,
however, ‘that the ‘same-problems arise -and the
same ‘considerations also-apply-to-the multi-ele-
ment tubes such-as the- tetrodes; pentodes; and
the'like: *The-in-put-circuit-of the amplifier-may
include a coupling unit-such:as an in-put-trans-

“former2; the primary $-of which may be-tuned-as

hy- means of-a varigble condenser-4, voltages-to
he ,ampl,i,ﬁed‘*‘by*the amplifier-being: applied-actross
the primary “winding -3 as-between ‘terminals A
-and“B, 'The secondary winding §:of the trans-
former-2-has-one- terminal grounded as by means
of -a- conductor-6-and -has-the-other terminal con-
nected to the grid of the tube | as by -means-of
a conductor-T.

“The cathode of the tube 1 is conmected. to
ground” to_complete the in~put-circuit-through-a

fixed compensating. res‘1stance 8. and a grid-bias

resistance’9 which is preferably shunted ‘with a

‘hy-pass condenser 10.. I have illustrated the re-

sistor 9.as being. variable to indicate one way in
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which the grid bias or negative potential which is
applied to the grid of the tube may be changed, it
“being understood, of course, that the resistor 8
may be omitted if desired and a variable grid bias
applied to the tube in other conventional ways.

" The out-put circuit of the tube may include a
conductor 11 extending from the plate of the tube
to an out-put coupling ‘device: such as a trans-
former including a primary winding 12, "which
winding may be connected in parallel With a tun-

10.

ing condenser 13 if desired. The secondary wind- -

ing 14 of the out-put transformer has one termi-
nal grounded as by means of a conductor {5 and
the other terminal connected .as by means of a
conductor 16 to out-put voltage terminals C and
D. v e |

Positive plate potential may ke supplied by~

means of a battery 171 or equivalent source, the
negative terminal of the battery i7 being ground-
ed as by means of a conductor 18 and the posi-
tive terminal being connected as by means of a
conductor 28 to'a tap 21 on the primary winding
12, 'The conductor 20 ' may be- maintained at
ground potential with respect to alternating cur-
rent in the plate circuit as by connecting a by-

" pass condenser 22 petween the conductor 26 and
ground.

As has heen pointed out herelnbefore the vac-
uum tube I includes an internal capacity in its
in-put circuit which capacity results from the
proximity of the grid to the space charge pro-
duced by the electronic emission of the cathode.
The effect of this capacity on the in-put circuit is
the same as if a small condenser were connected
in a metallic circuit between the grid terminal
and the cathode terminal of the tube.

The space charge of the tube changes with
changes in grid bias and so produces a corre-
sponding change in the effective grid to space
charge capacity of the tube.. Since this capacity
is in series with the in-put transformer second-
ary 8, changes in that capacity produce a change
in the phase relationship between the grid to
cathode voltage and the in-put potential applied

between the terminals A and B. The effect of “

this change in in-put capacity in the circuit il-
lustrated in Fig. 1 is compensated for by employ-
ing the cathode compensating resistance 8.

It will be noted that the alternating griq cur-

rent which flows through the grid to space charge. 5

capacity of the tube flows also through the resist-
ance 8 and produces an alternating voltage across
the resistance 8. This voltage is opposed to the
alternating voltage between the grid and cathode,
and since the magnitude of the alternating cur-
rent flowing through the resistance 8 changes in
accordance with changes in the magnitude of the
grid to space charge capacity of the tube, the re~
sistance § may be so chosen as to prevent changes
in the grid bias of the tube from causing a change
in cathode current in the in-put circuit, By pre-
venting changes in the grid circuit current, the
effect of the changing in-put capacity of the tube
is neutralized and the phase relationship between
the grid to cathode voltage and the in-put volt-
age across the terminals A -and B is maintained
constant.

The vacuum tube | also inherently includes an
internal capacity between the plate and the cath-
ode resulting from the proximity of these elements
to each other. This capacity permits a reactive
.component of plate current to flow in the cathode
circuit and so produces across the compensating
resistor- 8 a reactive voltage component which
“(unless its effects were neutralized) would be im-
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4
pressed on the in-put circuit of the tube, ampli-
fied by the tube and introduced into the out-put
circuit as a reactive voltage. Since this reactive
voltage is substantially in phase quadrature to
the out-put voltage and since its magnitude de-
pends on the amplification of the tube, it would

cause a Phase shift in the out-put, voltage of the
,tube asthe: amphﬁcatlon of the tube w : re changed

as by varying the grid bias:

In order to compensate for the effect of this re-
active component of the plate current, I connect
a neutralizing condenser 23 between the cath-
ode of the tube and the lower end 24 of the plate
transformer primary winding 12. It will be ob-
served that the tap 21 on the winding 12 is main-
tained at ground potential with respect to alter-
nating current and that the alternating potential
of the lower end 24 is opposite in phase to the
alternating potential of the plate of the tube.
The neutralizing condenser 23 is thus connected
in series with the plate to cathode capacity of the
tube directly across the entire primary winding
12 and-the mid tap between the plate to cathode
capacity and the neutralizing condenser 23 is
connected to the cathode of the tube.- g

By adjusting the neutralizing. condenser 23
with' respect to'the voltage-of the point 22, the
voltage at the mid-point between the plate to
cathode capacity and the neutralizing condenser
23 may be made equal to the alternating voltage
developed  across the compensating resistor 8,
with the result that no reactive component of
plate current is permitted to flow through this
Thus, the phase relation between the
alternating plate voltage and the:-in-put voltage
applied to the terminals A and B is maintained
constant irrespective of changes in the amphﬁca.—
tion of the tube.

The vacuum tube | also inherently includes a

‘grid to plate capacity which must also be neu-

tralized if the phase relationship between the
in-put and out-put voltages of the amplifier are
to be maintained constant. This is for the reason
that the grid to plate capacity provides a reactive
circuit through which a currént may fow from
the plate through the secondary 5-to ground.
Since the voltage thus developed across the sec-
cndary 5 is not in phase with the voltage induced
by the in-put voltage, the phase of the grid to
cathode voltage would change as the magnitude
of the alternating plate voltage were' changed
by variations in the amplification of the tube.
For the purpose of neutralizing the grid to plate
capacity T employ a neutralizing condenser 25
which is connected between the lower end 24 of
the ‘primary winding 12 and the grid circuit of
the tube. While the connection from the con-
denser 25 to the grid circuit could well be made

to the conductor 7, I prefer to employ a capacity

divider comprising condensers 256 and 27 and a
potentiometer 28 which are connected in series
with each other in a circuit extending between
the conductors & and 1. The neutralizing con-
denser 28 is preferably connected to the mova,ble
arm of the potentiometer 28.

Since, under the balanced condition, no voltage
is to be developed across the secondary winding

5, the impedance of that winding under that

balanced condition can be considered as infinite
as far as the currents flowing under such con-
ditions are concerned. . Thus, the current flowing
from the plate circuit through the plate to grid
capacity to ground will flow through the ca-
pacity divider. The neutralizing current flowing
through the neutralizing condenser 25 will also
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flow through a part of the potentiometer 23:and
the condenser-21. "The voltage developed' from
the arm of ‘the-potentiometer 28 to- ground by
the sum of these two currents is adjusted so-as
to be equal and opposite to the voltage developed
from the grid to the arm of the potentiometfer
28 by the current passing through the grid to
plate capacity. When this condition obtains, the
sum of the voltages across the capacity -divider
produced- by the cuirent flowing through the
neutralizing -condenser 28 and through-the-plate
to-grid- capacity-of the tube is zero so-that no
reactive - current -component is -caused - to -flow
through the-secondary-winding 5:

It will be noted-that:this ‘balanced condition
is -obtained solely by adjusting the constants of
the -capacity bridge -cireuit’ and-thus-that the
neutralizing ‘balance -is obtained - irrespective -of
changes in"the secondary ‘circuit-§ or-the equiv-
alent-coupling -or-tuning -circuit. '

In the foregoing-the voltage ‘of the point 24
has been: assuraed to be-opposite in-phase-to the
‘alternating -plate voltage of the tube-{. Due to
inechanical reasons this -may not necessarily-be

entirely true but-such deviations from the desired 2

cut of phase condition may-be adjusted by ad-
justing:the position -of the arm- along the- poten-
tiometer 28. )

By using the capacity. divider on” the input
circuit and by including a-fewer number of turns
in the winding 12 between the tap 2{-and the
lower end. 24 than is included in the remainder
of ‘the winding ‘12, I ain permitted-to-employ as
a neutralizing condenser 25 a condenser -having
a ‘capacity considerably exceeding the plate to
grid capacity of the tube. This is a consideration
worthy of note since in multi-electrode vacuum
tubes the grid to plate capacity may beextremely
small - so that if the meutralizing condenser 23
were connected directly to the-grid of the tube,
it would be substantially impossible to obtain
commercially a “condenser having a sufficiently
small ‘capacity to neutralice the grid to plate
capacity of “the tube. Xowever, in the form
shown, a relatively large capacity may be used
for the neutralizing condenser 25, proper propor-
tioning of the circuit constants permitting the
use cof.a condenser having a capacity as much as
one hundred times the grid-to plate  capacity
of the tube. ‘

I have illustrated in Fig. 2 a modified form
of my invention. The in-put circuit of the am-~
plifier is substantially the same as that illustrated
in Fig. 1 except that a second compensating re-
sistor 29 is inserted between the secondary wind-
‘ing 5 of the in-put transformer and ground. The
resistor 28 is thus connected in the in-put circuit
in series with the compensating resistor 3§ which
is provided in the cathode circuit and these two
resistors coact to compensate for the effects of
the changing in-put capacity of the tube in the
same manner as that previously explained in
connection with the single compensating resist-
ance '8 employed in the circuit illustrated in
Fig. 1.

The neutralizing of the plate to cathode capac-
ity of the tube is accomplished by connecting
a_ neufralizing condenser 38 between the un-
grounded terminal 31 of the resistance 28 and
5 tap 32 provided on the primary 12 of the out-
put’ transformer, the tap 32 being positioned on
the ‘plate side of the -alternating current ground
point 21.

In the form -of -invention- illustrated in Fig. 1
the- plate to' cathode neutralizing condenser:23
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was employed to neutralize the plate to. cathode
capacity of ‘the tube.and to. preventi.a. reactive

‘plate’ current ‘component: from flowing: in..the

compensating resistor ‘8. In fhe form shown in
Fig. 2, the reactive component of: the plate: cur-
rent is-allowed to flow through the resistor 8-but
an equal reactive curreat component is caused
to flow throush the resistance 28 and the values
of the resistance 29 and the capacity33:are so
chosen with respect to the voltage-of the point
32 above ground as to cause the reactive voltage
which is developed across the- resistor 29 1o be
egual to the reactive voltage developed across
the resistor & but opposite in phase. relative
thereto. 'Thus, the alternating  voltages ‘across
the resistance § and 24 are opposed-fo-each other
and the:effects of these vollages are- cancelled
with the- result-that no-shift in phase of the
alternating plate voltage of the tube will result
from a -change-in grid bias of the tube.

Fig. 2 illustrates a conventional form-of neu-
tralizing -eircuit for neutralizing the plate to grid
capacity of the tube which includes a neutralizing
condenser 33 connected between the grid-of- the
tube -and the lower point -24 of -the primary {2
of the plate transformer, ‘

Pig. 3 illustrates g still further modified form
of the: invention -in- which the "secondary-§- of
the in-put fransformer is tapped as-at 34, the
tapped point being connected to ground-through
the second compensating resistor 29 to thereby
connect the resistors 8 and 28 in series in the
in~-put-circuit in‘the same manner-as that illus-
trated in ‘Fig. 2. The plate to cathode and the
plate to grid neutralizing circuits are combined,
the-plate being connected through a neutralizing
condenser 35 to the tap 34 and being also-con~
nected through a second neutralizing condenser
26 to the lower end 37 of the secondary winding
5. - Thus, the two condensers 35 and 36 together
function in the same manner as does the neu-
tralizing condenser- 88 illustrated in Fig, 2, where-
as, the condenser 36 alone serves the same pur-
pose - as does the neutralizing condenser 33 in
Fig. 2.

It will ‘be noted that in Fig. 2 the grid of the
tube is. connected through the neutralizing con-
denser 33 to a point on the primary winding 12
having g potential which' is opposite in phase to
the alternating plate petential of the tube. The
connections are reversed in Fig. 3 in that the
neufralizing condenser -38 is connected between
g point in the plate circuit at which the poten-
tial is the same as that on the plate of the tube
and a point in the grid circuit at which the po-
tential is -opposite in phase to the grid potential
of the tube.

In the form of the invention illustrated in Fig.
4 the conventional type of plate to grid neu-
tralization is employed, the rlate neutralizing
condenser 33 being connected between the grid
of the tube and the point 24 on the primary {2
of the plate circuit transformer at- which the
alternating potential is' opposite in phase:to the
alternating plate potential in-a manner identical
tothat illustrated in Fig. 2.

The in-put neutralization is, however, accom-~
plished by inserting a compensating resistance
38 in the plate circuit between the plate battery
i7 and its connection to the primary winding 2
The lower terminal of the in-put
transformer secondary 3 is connected also to the
tap 21 through a blocking condenser 29 and is
connected -to-ground through a- grid resistor 48.
The grid resistor-49 is employed:to maintain-the
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- .proper direct current potential on the grid of the
tube and has a sufficiently high value of resist-
ance to be neglected in the consideration of the
alternating current circuits.

Thus, the external grid-circuit of the tube
includes the secondary winding 5, the blocking
condenser 39 and the compensating resistance 38,
the lower end of which is connected to ground
through a by-pass condenser 4f. Thus, the ex-
ternal grid circuit illustrated in Fig. 4 is iden-
tical to that illustrated in Fig. 1 except that the
ground connection has been shifted from the
lower end of the secondary winding 5 to the
cathode. Thus the effect of the compensating
resistance 38 on the plate circuit of the amplifier
may be neutralized by connecting a neutralizing
condenser 42 between the point 24 and ground,
this being the equlvalent of the circuit illustrated
in Fig. 1,

Attention is directed to the fact that the plate o

to -cathode neutralization may be effected by
balancing the reactive voltages in the manner
illustrated in Figs. 1 and 4 to prevent the flow
of reactive current in the grid to space charge

compensating resistor or instead reactive cur- .

rents may be caused to flow in opposite direc-
tions through sections of the grid to space charge
compensating resistor to produce equal and op-
posite: bucking Voltages in the manner illus-
trated in Figs. 2 and 3.

Prom the foregoing it will be observed that T
have provided a novel thermionic alternating
voltage amplifier circuit which operates to main-
tain a fixed phase relationship between the in-

put-and out-put voltages irrespective of changes -

in the internal capacities of the tube resulting
from changing the grid bias and the amplifica~
tion of the tube,

While I have in the foregoing referred to
changing the grid to cathode or grid to space
charge capacity of the tube by changing the grid
bias, it will-be realized that changing the op-
erating voltage applied to other elements of the
tubes will similarly cause changes in the grid to
cathode capacity. Such other. changes may.in-
clude changes in the plate voltage or: changes
in the screen or suppressor voltages in the case
of the multi-element tubes.

Furthermore, reference is made herelnbefore
solely to the feature of mamtammg a fixed phase
relation between the in-put and out-put volt-
~ ages of the amplifier. ‘It will be realized, how-
ever, that the amplifier circuit of my mventlon
also ﬁnds great utility under those circumstances
where a change in the grid to cathode capacity
would change fthe tuning or the resonant fre-
quency of the circuit. - One such condition is
found in ultra-high frequency radio work where
the resonant circuits include small capacities and
a high ratio of inductance to capacity.

It will be further noted that I have illustrated
and described a number of equivalent circuits
each operating in substantially the same man-
ner to produce the results described above.

While I have shown and described the pre-
ferred embodiment of my invention, I do not de-
sire to be limited to any of the details of con-
struction shown or described herein, except as
defined in the appended claims.

I claim:

1. In an alternating voltage amplifier, the com-
bination of: a thermicnic vacuum tube including
a grid, a plate and a cathode; means for applying
a variable grid bias voltage to said grid; an in-put
-cireuit including a coupling means connected to

said grid and said cathode; an out-put circuit
ineluding a coupling means connected to said
plate and said cathode; compensating means to

- neutralize the effect of changes in said in-put
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‘circuit capacity coupling between said grid and -

the space charge of said thermionic vacuum tube
and resulting from variations in said grid bias
voltage, said compensating means comprising a
resistance in series with said cathode, at least a -
part of said resistance being common to both
in-put and out-put circuits; means including a
condenser connected from a point in said in-put
circuit to a point in said out-put circuit for pre-
venting changes in the effective capacity of said
in-put circuit caused by variations in the ratio
of in-put to out-put voltages; and means includ-
ing a condenser connected from said out-put cir-
cuit to said resistance for preventing changes in
the effective capacity of said out-put circuit
caused by the combined effects of said resistance
and plate to cathode capacity.

2. In an alternating voltage amplifier, the com-
bination of: a thermionic vacuum tube including
a grid, a plate and a cathode; means for applying
a variable grid bias voltage to said grid; an in-
put circuit including a coupling means connected
to said grid and said cathode; an out-put cir-
cuit including a coupling means connected to said
plate and said cathode; compensating means to
neutralize the effect of changes in said in-put
circuit capacity coupling between said grid and
the space charge of said thermionic vacuum tube
and resulting from variations in said grid bias
voltage, said compensating means comprising a
resistance in series with said cathode, at least
a part of said resistance being common to both -
in-put and out-put circuits; and means including
a condenser connected from a point in said in-
put circuit to a point in said out-put circuit for
preventing changes in the effective capacity of
said in-put circuit caused by variations in the
ratio of in-put to out-put voltages.

3. In an alternating voltage amplifier, the com-
bination of: a thermionic vacuum tube including
2 grid, a plate and a cathode; means for applying
a variable grid bias voltage to said grid; an in-put
circuit including a coupling means connected to
said grid and said cathode; an out-put circuit
including a coupling means connected to said
plate and said cathode; compensating means to
neutralize the effect of changes in said in-put
circuit capacity coupling between said grid and
the space charge of said thermionic vacuum tube
and resulting from variations in said grid bias
voltage, said compensating means comprising a
resistance in series with said cathode, at least a
part of said resistance being common to both
in-put and out-put circuits; and means including
a condenser connected from said out-put circuit
to said resistance for preventing changes in the
effective capacity of said out-put circuit caused
by the combined effects of said resistance and
plate to cathode capacity.

4. In an alternating voltage amplifier, the com-
bination of: a thermionic vacuum tube including
a grid, a cathode and a plate, said tube also hav-
ing a grid to cathode capacity and a plate to
cathode capacity; an in-put circuit including an
in-put coupling means connected to said grid and
said cathode; means in said in-put circuit to
compensate for changes in said grid to cathode
capacity resulting from changes in the operating
voltages of said tube and maintain a fixed cur-
rent in said in-put circuit resulting from an
alternating voltage impressed across said cou-
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pling means; -an out-put circuit including an-out-
put coupling means connected to said plate and
said cathode; and neufralizing means connected
between said in-put and out-put circuits for neu-
tralizing the effect of said plate to cathode ca-
pacity to thereby maintain a fixed phase rela-
tionship between said voltage applied across said
in-put coupling means and the voltage across said
out-put coupling means.

5. In an alternating voltage amplifier, the com-
bination. of : a thermionic vacuum tube including
a grid, a cathode and a plate, said tube having
also a grid to cathode capacity and. a plate to
cathode capacity; an-in-put circuit including an
in~-put coupling means connected to-said grid and
said cathode; an out-put circuit including an
out-put coupling means connected to said plate
and said cathode; a compensating resistance con-
nected in series with said cathode and common
to both said in-put and out-put circuits to com-~
pensate for changes in said grid to cathode ca-
pacity resulling from changes in the cperating
voltages of said tube fo thereby maintain a fixed
current in said in-put circuit resulting from an
alternating voltage applied across said in-put
coupling means; and neutralizing means con-
nected between said in-put circuit gnd said out-
put circuit for neutralizing said plate to cathode
capacity to maintain a fixed phase relationship
ketween said voltage applied to said in-put cou-
pling means and the alternating voltage across
said out-put coupling means.

6. In an alternating voltage amplifier, the com-
bination of: a thermionic vacuum tube including
a grid, a cathode and a plate, said tube having
also.a grid to cathode capacity, a plate to cathode
capacity and a plate to grid capacity; an in-put
circuit including an in-put coupling means con-
nected to said grid and said cathode; compensat-
ing means in said in-put circuit for maintaining
a fixed current in said in-put circuit resulting
from an alternating voltage applied across said
in-put coupling means; neutralizing means con-
nected between said out-put circuit and saig in-
put circuif to neutralize the effect of said plate to
grid capacity; and. a second neutralizing means
connected between said in-put and said out-put
circuits for meutralizing the combined effect of
said compensating means and said plate to cath-
ode capacity to thereby maintain g fixed phase
relation between said voltage applied to said in-
put coupling means and the alternating voltage
across said out-put coupling means irrespective
of changes in said grid to cathode capacity re-
sulting frem changes in the operating voltages
of said tube.

7. In an alternating voltage amplifier, the com-
bination of: a thermicnic vacuum tube including
a grid, a cathode and a plate. said tube having
also a grid to cathode capacity and a plate to
cathode capacity; an in-put circuif including said
grid and said cathode; an out-put circuit includ-
ing said plate and said cathode; a resistance in
series with said cathode and common to said in-
put and out-put circuits; and a capacity con-
nected from said cathode to a peint in said out-
put circuit at which the alternating potential iz
substantially opposite in phase to the alternating
potential of said plate.

8. In an alternating voltage amplifier, the com-
bination of: a thermionic vacuum tube including
a grid, & cathode and a plate, said tube having
also a grid to cathode capacity, a plate to cathode
capacity and a plate to grid capacity; an in-put
circuit including said grid and said cathode; an
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cut-put circuit ineluding said plate and said cath-
ode; a resistance connected in series with said
cathode and common to both said in-put and out-
put circuits to compensate for changes in said

- grid to cathode capacity resulting from changes

in the operating voltages of said tube; a capacity
connected between selected points on said in-put
and out-put circuits, said points being so selected
that the alternating voltage between said points
is substantially opposite in phase to the alter-
nating voltage between said grid and said plate,
whereby said plate to grid capacity is neutralized;
and. a second capacity included.in a.circuit ex-
tending from said cathode to a point on said out-
put circuit at which the alternating voltage is
substantially opposite in phase to-the alternating
voltage of said plate, whereby said plate to cath-
ode capacityis neutralized.

9. In an alternating voltage amplifier, the com-
binatien of; a thermionis vacuum tube including
a grid, a cathode and a plate, said tube having
also a grid to cathode capacity and a plate to
cathode capacity; an in-puf circuit including said
grid and said cathode; an cut-put circuit includ-
ing said plate and said cathode; a resistance con-
rected in series with said cathode and common
to both said in-put and out-put circuits; and a
neutralizing capacity connected in a circuit ex-
tending from said cathode to a point on said out~
put circuit at which the alternating voltage is
substantially opposite in phase to the alternating
voltage of said plate, said point on said out-put
circuit and the magnitude of said neutralizing
capacity being so selected that the alternating
current flowing from said point to said cathode
through said neutralizing capacity is equal in
magnitude and opposite in phase to the alter-
nating current flowing from said plate to said
cathode through said plate to cathode capacity.

10. Tn an slternating voltage amplier, the com-
bination of: a thermionic vacuum tube including
a grid, a cathode and a plate, said tube having
also a grid to cathode capacity and a plate to
cathode capacity; an in-put circuit including said

; grid and said cathode; an out-put circuit includ-

ing said plate and said cathode; a pair of com-
pensating resistances connected in series in said
in-put circuit, one of said resistances being com-
mon to both said in-put and said out-put circuits;
and a neutralizing capacity included in a circuit
extended. from a selected point in said out-put
circuit at which the alternating voltage is sub-
stantially in phase with the aliernating voltage
of said plate to a point on said in-put circuit dis-
rosing both of said resistances between said point
and said cathode, the magnitude of said neutraliz-
ing capacity and the point on said out-put circuit
being so selected that the alternating voltage de-
veloped in the other of said resistances by cur-
rent flowing through said neutralizing capacity
and said other resistance is substantially equal
and opposite in phase to the alternating voltage
developed across said one resistance by alternat-
ing current flowing through said plate to cathode
capacity and said one resistance.

11. In an alternating voltage amplier, the com-
bination of: a thermionic vacuum tube including
a grid, a cathode and a plate; an in-put circuit
jnecluding an in-put coupling means connected to
said grid and said cathode; an gut-put circuit in-
cluding an out~put coupling means connected to
said plate and said cathode; a resistor in series
with said cathode and common to both said in-
put and out-put circuits; and a condenser con-

5 nected from sajd cathode to a point on said out-
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put circuit -at which the alternating voltage is
substantially opposite in phase to the alternating
voltage of said plate.”

12. In an alternating voltage amplifier, the
combination of: a thermicnic vacuum tube in-
cluding a grid, a cathode and a plate, said tube
also having a grid to cathode capacity and a
plate to cathode capacity; an in-put circuit in-
cluding an in-put coupling means connected to
said grid and said cathode; an out-put circuit
including an out-put coupling means connected
between said plate and said cathode; compensat-
ing means in said in-put circuit to compensate
for changes in said grid to cathode capacity re-
sulting from changes in the operating voltages
of said tube, said compensating means being so
located as to permit coupling between said in-
put circuit and said out-put circuit through said
plate to cathode capacity; and a neutralizing
means connected between said in-put and out-
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put -circuits for neutralizing said coupling be-
tween said in-put and out-put circuits. - .

13. In an alternating voltage amplifier,” the
combination of: a thermionic vacuum tube in-
cluding a grid, a cathode and a plate, said tube
having also. a grid to cathode capacity and a
plate to cathode capacity; an inpub circuit in-
cluding said grid and said cathode; an output
circuit including said plate and said cathode; a
resistance in series with said cathode and com-
mon to said input and output circuits; and a
capacity connected from said cathode to a point
in said output circuit at which the alternating’
potential is substantially opposite in phase to the
alternating potential of said plate, said capacity
having such magnitude as to neutralize the inter-
coupling of said output and input circuits caused
by said plate to cathode capacity and said re-
sistance, : h
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