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10 Claims.

My invention relates broadly to balanced ampli-
fler systems and more particularly to circuit ar-
rangements for balancing multi-stage amplifier
‘systems. -

One of the objects of my invention is to provide
& system for coupling multi-stage amplifier cir-
cuits involving multiple grid tubes having means
for electrically balancing the circuits of each
amplification stage.

Another object of my invention is to provide a
multi-stage electron tube amplifier system having
means in each of the stages for compensating for
changes in electron emission and changes in
power supply tending to vary potentials on the
anode or multiple grids of the tubes in the sepa-
rate stages of the amplification system.

Still another object of my invention is to pro-
vide circuit arrangements for multi-stage ampli-
fier systems each involving a multi-grid tube hav-
ing means for electrically balancing each tube and
each amplifier stage for avoiding detrimental
effects arising from changes in power supply volt-
age and electron emission in the several stages of
a multi-stage amplifier system.

A further object of my invention is to provide
a system for electrically balancing multi-stage
electron tube amplifier systems embodying multi-
grid tubes in which cathode emission is compen-
sated in each of the stages of the amplifier system.

Still another object of my invention is to pro-
vide an arrangement of multi-stage electron tube
amplifier system employing multi-grid tubes hav-
ing resistance network arrangements for coupling
the several stages of the amplifier in such manner
that a highly stabilized condition of operation of
the amplifier system is maintained.

Other and further objects of my invention re-
side in arrangements of resistance networks for
coupling the stages of multi-grid amplifiers as set
forth more fully in the specification hereinafter
following by reference to the accompanying
drawings, in which:

Figure 1 shows one embodiment of my inven-
tion applied to a multi-grid multi-stage amplifier
system embodying my invention; Fig. 2 shows a
modified form of balanced amplifier embodying
my invention; Fig. 3 shows a further modified
form of multi-stage amplifier circuit operating in
accordance with my invention; Fig. 4 shows a stili
further form of multi-stage amplifier embodying
my invention; and Fig. 5 shows still another ar-
rangement of balancing system for multi-grid
amplifier stages operating in accordance with my
invention.

Referring to the drawings in detail, reference
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character | designates a multi-grid tube consti-
tuting the first stage of the balanced amplifier
system of my invention. Pentode tube ! includes
cathode 2 which is heated to electron emitting
temperature by operation of heater 3, space
charge grid 4, screen grid 5, control grid 6, auxil-
jary grid 7 and anode 8. The input circuit for
pentode | is represented at 9 connected through
adjustable resistances 10 and {1 with cathode 2
at one side and connected to control grid 6 at the
opposite side. A tap i2 between the adjustable
resistances 10 and {1 connects to the space charge
grid 8 for effecting a balance of the individual
cireuit of pentode | in compensating for varia-
tions in electron emission for cathode 2. The
details of this particular compensation circuit are
set forth more fully in copending application Se-
rial No. 483,351, filed April 16, 1943, by Richard
P. Krebs, to which reference is made for a more
complete understanding of the compensation for
variation in electron emission in the individual
tube circuit per se.

The auxiliary grid 7 is connected with cathode
2 through connection (4 as shown. The output
from pentode | connects with anode 8 to one ter-
minal of the adjustable coupling resistor i5. The
opposite termineal of the adjustable coupling re-
sistor 15 is connected through adjustable resistor
16 with the screen grid 5. The output circuit of
tube 1 is then completed through adjustable re-
sistance 1T and tap {8 to the positive side of the
direct current power supply circuit that I have
represented generally at 19. The negative side of
the direct current power supply circuit 19 returns
to the cathode 2 through adjustable resistances
10 and #1 as shown and is connected to ground at
20 as shown.

The difficulty of applying the output of tube
{ constituting one stage of amplification to the
input of a succeeding tube constituting another
stage of amplification 1s that the second stage is
subjected to such relatively high potential that
the operation of the second stage may become un-
stable. To overcome this I provide a supplemen-
tal tube circuit in the first stage of the amplifier
circuit including the pentode tube shown at 21.
Pentode tube 21 contains cathode 22, heater elec-
trode 23, space charge grid 24, screen grid 28,
control grid 26, auxiliary grid 27 and anode 28.
The control grid 26 of pentode 21 connects di-
rectly to ground 20 as shown. Tube 2! is very
carefully balanced within its own circuit through
operation of adjustable resistors 30 and 3§ in cir-
cuit with cathode 22 and adjustable resistors 38
and 37 in circuit with the screen grid 28 and
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anode 28 as shown. The adjustable resistor 3
is arranged for compensating for variations in
emission for cathode 22 under conditions of vari-
ation in the heater supply as heretofore explained
in connection with pentode I.

The second stage of amplication is represented
by pentode #1 including cathode 42 heated by
heater electrode 43, space charge grid 44, aux-
fliary grid 47, screen grid 45, control grid 46 and
anode 48, The input circuit to pentode 41 con-
nects to the terminal of adjustable resistor 15 in
the output circuit of pentode | and to the lower
terminal of adjustable resistance 37 and through
adjustable resistance 17 to the lower terminal
of adjustable resistance 15. The input cireuit
for pentode &1 includes adjustable resistors 60
and 51 arranged as shown, adjustable resistor B

is disposed in series between cathode 42 and space

charge grid 44 and serves for compensating for
variations in electron emission of cathode 42 due
to variations in the heater supply energy as here-
tofore explained. In effect, control grid 46 and
cathode 42 of pentode 4f are connected to the
anodes 8 and 28 of pentodes | and 21, respec-
tively. The power supply for operating the am-
plification stage containing pentode 41 is rep-
resented at 52 across which adjustable potential
divider resistors 53, 54 and 55 are connected.
The cathode 42 of the pentode &1 is connected to
the negative terminal of the power supply cir-
cuit 52 through adjustable resistors 50 and 64
while the anode 48 is connected with the posi-
tive terminal of the power supply circuit through
adjustable resistors 5§6.

The tap 57 intermediate adjustable resistors
53 and 54 in the potential divider circuit con-
nects through adjustable resistors 58 and 59 with
the auxiliary grid 47. The output circuit from the
second stage of amplification is connected be-
tween anode 48 and the tap 60 intermediate ad-
. justable resistors 69 and 58 in the auxillary grid

.circuit. The output circuit is shown at 61 lead-
ing to the next succeeding amplifier stage or to
the current utilization stage.

The heater supply for each of the cathodes con-
nects to the circuits represented schematically at
3a, 23a and 43a.

By the arrangement shown, the entire second
stage rides at the potential of the supplemental
pentode circuit 21 which is the zero balancing
potential from ground of the first pentode tube
circuit . Therefore, only the amplified input
voltage remains between the control grid 46 and
the negative terminal of the direct current power
supply 52 of the second stage.

Fundamentally the circuit of Fig. 1 includes a
Wheatstone bridge balance circuit with the addi-
tional provision for compensating for emission
which by means of the additional grids 4 and 24
in tubes [ .and 21 may be accurately controlled.
The resistances forming the arms of the bridge
© gre the plate resistances of tubes { and 21 and

the two load resistors 1T and 31. The power sup-
ply is inserted across the connection between re-
sistors 1T and 87. As heretofore explained re-
sistors 17 and 37 are adjustable for thereby ac-
curately controlling the values included in the
two arms of the Wheatstone bridge. The other
two arms of the bridge are constituted by the elec-
tronic paths through the tubes | and 21 coact-
ing with adjustable resistors (0-11 and 30-3i
which terminate in the ground connection at 20
which is the opposite side of the power supply
. source that connects across the transverse por-

tion of the Wheatstone bridge circuit.
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The input circuit to the Wheatstone bridge at
9 connects across the control grid 6 of tube |
and to the cathode of tube | through adjust-
able resistors 10-1{, the input circuit being
grounded at 20. The output circuit for the ap-
paratus comprises the current measuring ampli-
fier 41, the input circuit of which connects across
plates 8 and 28 of tubes | and 21, Balance is ob-
tained by balancing the bridge by shorting the in-
put out and then balancing the bridge by adjust-
ing resistors 17 and 37 until no voltage appears
across plates 8 and 28. This balances and takes
care of the changes in the first direct current sup-
ply voltage. The emission compensation is ac-
complished by adjusting resistors 0 and {1, 30
and 31, each tube independently. The second
amplifier 41 is typical of the balance circuits
shown in the several figures of the drawings.

In Fig. 2 I have shown a similar balancing cir-
cuit arrangement except that more precise bal-
ancing is secured by rearrangement of the cir-
cuits to the tube electrodes and the circuit ele-
ments connected with the tube electrodes. It will
be observed that the circuit of tube { iIs rear-
ranged so that balancing is effected by the auxil-
iary grid 7 disposed between the space charge grid
4 and the screen grid 5. The auxiliary grid 1 is
connected to tap 63 in the circuit which includes
adjustable resistor 16, adjustable resistor 64 and
adjustable resistor 65 connected to ground 66. In
this circuit path the screen grid 5 connects to
tap 67 leading to ground through the adjustable
resistor 65. Thus shield grid 5 is maintained at
ground potential while adjustable resistor 64 con-
trols the potential at auxiliary grid 7 and screen -
grid 5. A similar rearrangement is made of the
electrodes in tubes 2§ and 41. That is to say, a
circuit path is provided from balancing resistor
36 through balancing resistor 714 and balancing
resistor T5 to the negative side of the power sup-
ply source 52 and tap connections are taken from
point 13 intermediate adjustable resistors 36 and
14 to the auxiliary grid 27 of tube 21 and from
tap 77 intermediate adjustable resistors 74 and
15 to screen grid 25 arranged in the order ex-
plained with respect to tube I. Additional bal-
ancing is obtained by the inclusion of adjustable
resistor 18 in circuit with plate electrode 28.

Tube 81 shown in Fig. 2 corresponds to the tube
described in connection with Fig. 1 and contains
the same elements except that the elements are
arranged in the order heretofore explained for
the-elements of tubes { and 21 in Fig. 2. The in-
put circuit for tube 41 in Fig. 2 extends from con-
trol grid 46 to the upper terminal of adjustable
resistance 15 and from the cathode 42 through
adjustable resistors 51 and 50 to the anode 28
of tube 21. For further balancing the circuit of
tube &1 with greater precision, I provide adjust-
able resistors 68 and 69 arranged in circuit with
anode 48 and auxiliary grid 41 as shown.

Each of the filament heating circuits are pro-
vided with adjustable rheostats 3b, 23b.and 43b in
circuit with the heater supply, as shown. Pre-
cision balancing is obtained by adjusting the
resistors shown and amplification is effected un-
der stabilized conditions despite the fact that a
high potential is impressed upon the input cir-
cuit of the second stage. The supplemental tube
circuit 2 operates to maintain the second stage
constituted by tube 41 at a constant potential
irrespective of substantial variations in the power
supply. T

I may apply the principles of my invention to
tubes of the directly heated type, as shown in
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Fig. 3 in which tube elements numbered to cor-
respond with similar tube elements, described in
connection with Pigs. 1 and 2, are shown in asso-
ciation with a directly heated cathode. That is
to say, tube | contains a directly heated cathode
19 associated with the space charge grid 4, the
control grid 6, the screen grid §, the suppressor
or auxiliary grid T and the anode 8. The bal-
anced circuits associated with the electrodes of
tube | are generally similar to the circuits here-
tofore explained in that the input circuit 9 con-
nects to the control grid 6 and the cathode 19
through the switch circuit 80. For a further ex-
planation of the switch circuit 80, reference is
made to my Letters Patent 2,245,616, granted
June 17, 1941, for Amplification system. The
switch circuit 80 includes a switch arm that is
movable to either position a or position b. In
position a the switch arm short circuits the ad-
justable series resistance 88 in the filament or
heater circuit while in the position b the switch
arm serves to introduce adjustable resistance 89
in a shunt path with the filament 79. Thus the
emission of the cathode 79 can be changed inde-
pendently of the power source, which I have rep-
resented at 83 connected through adjustable
rheostat 84 with the adjustable resistor 81 lead-
ing to one side of the cathode circuit terminat-
ing in the switch system 80 and through adjust-
able resistance 81 to the other side of the cathode
circuit as shown.

The space charge grid 4 is connected through
adjustable resistor 82 with the cathode circuit for
compensating for variation in cathode emission.

An independent source 85 is provided for en-
ergizing the other elements of the tube through
adjustable resistance 86 as shown. A potenti-
ometer or divider circuit is provided for applying
selected potentials to the tube elements as repre-
sented at 90 and 9( connected across the power
supply circuit energized from source 85. Tap 92
provides a connection through adjustable resistor
93 to screen grid 5. Adjustable resistance {6
connects between the space charge grid 4 and
the positive side of the power source 85 through
adjustable resistance 86, as shown. The output
is delivered to adjustable resistance (5§ from
which connection is taken to the input circuit of
the next succeeding stage of amplification em-
bodying tube 41.

The emission from cathode 79 is maintained
constantly under conditions of variation in the
applied power from source 83 or under conditions
of other variations by adjusting resistors 87, 81
and 82 until no change occurs in the emission
when both switch 80 is thrown from position a to

[~

10

3

tion b for controlling the connection of the cath-
ode circuit with the power source 108 through
adjustable rheostat 104 and adjustable resistors
181 and 107 with the switching device 100. The
switching device 100 controls the circuit through

- the adjustable resistors §08 and 103 for setting

tht cathode circuit for constant emission. This
is accomplished by adjusting resistors 107, 101,

‘and (02 until no change occurs in the emission

when both switch 100 is thrown from position a
to position b and resistor 104 is adjusted. The

" other tube elements are energized in a manner
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position b and resistor 84 is adjusted. Propor-

tional adjustments are made in the adjustable
resistances in circuit with the other elements of
the tube as explained in detail m my Patent
2,245,616 supra.

In order to maintain a constant potential at
the second stage of the amplifier constituted by
tube 41, I provide a supplemental tube 21 which
corresponds with a correspondingly numbered sup-
plemental tube 21 illustrated in Pigs. 1 and 2 ex-
cept for the rearrangement of electrodes and the
inclusion of the directly heated cathode in lieu of
the indirectly heated cathode illustrated in Figs.
1 and 2. Referring to tube 21 in detail, I have
shown the directly heated cathode 99 arranged in
a power supply circuit for obtaining constant
emission of the same type described in connec-
tion with tube I, that is a switching device 100
is provided, movable to either position a or posi-

“tube 41, at a constant potential.

similar to the arrangement described in connec-

tion with tube {, that is anode 28 connects through

adjustable resistance 78 to the positive side of
the power source 85 through adjustable rheostat
31. The negative side of power source 85 termi-
nates at the cathode 99 and is grounded at 66
as shown. The control grid 26 completes a path
to the input circuit of the tube through adjust-
able resistance 107 as shown. The space charge
grid 24 operates to compensate for variations in
emission by adjustment of resistance 102. ‘A bal-
ance is effected on screen grid by control of
adjustable resistance 113. The required poten-
tials for operating the anode circuit are deter-
mined by adjustment of resistors {10 and (1f.
The tap (12 leads through adjustable resistor
113 to screen grid 25. The adjustable resistance
i \$ determines the potential between the space
cnarge grid 24 and the anode 28. Tube 21 when
adjusted holds the second stage, constituted by
Tube 41, as in
the case of tubes | and 21, includes elements cor-
responding to the elements as in Fig. 2 except
that a directly heated cathode is employed. The
cathode is shown at ({8 arranged for constant
emission under control of a power supply source
similar to that described in connection with tubes
| and 21. That is a power supply source indi-
cated at 123 is connected through an adjustable
rheostat {24 to opposite sides of the cathode cir-
cuit through adjustable resistor 11T to switch
system (20, movable either to position a or posi-
tion b to effectively include or exclude resistances
129 or {28 in the cathode circuit. The energy
supplied to the cathode circuit passes through
adjustable resistance 121 to one termimal of
which the adjustable resistance 122 connects
leading to the space charge grid 134. By adjust-
ing resistor 122, compensation for variation in
electron emission may be effected. One side of
the cathode circuit. connects through lead (27 to
the plate electrode 28 of supplemental tube 21
while the control grid 136 connects to the ter-
minal of adjustable resistor 15 that connects to
plate electrode 8. High potential under condi-

© tions of great stability is impressed between con-

60

65

70

trol grid 136 and the cathode circuit as shown.

A connection is taken from suppressor or auxil-
iary grid (37 to the cathode 118. The output cir-
cuit connects hetween anode 138 and the screen
grid 135 as shown. The power supply system. for
the elements of the tube as just described is com-
pleted from source 25 through adjustable rheo-
stat 128 to the potentiometer and divider circuit
represented by resistors 140 and (4(. Tap 142
connects through adjustable resistor 143 to the
screen grid 135 for applying the required poten-
tial thereto. Adjustable resistance 56 is arranged
in the anode circuit in connection with anode
138 as shown. Adjustable resistance 146 deter-
mines the potential across space charge grid 134
and anode 138,

A high degree of stabilized amplification is thus -
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amplification of feeble currents despite the high
potential existent across the input of the second
stage of amplification.

In Fig. 4 I have shown a modified -eircuit ar-
rangement arranged for accomplishing the ob-
jects obtained in the previous forms of the cir-
cuit of my invention but having & further degree
of precision combination for variation in elec~
tron emission. In Fig. 4 I provide for additional
compensation for electron emission by including
a further adjustable resistor 160 interposed be-
tween the space charge grid 4 and the circuit
leading to the cathode 2 through adjustable re-
sistor 1. In tube { I provide for additional bal-
ancing of the auxiliary grid 7 by means of ad-
justable resistor 151,
other elements of the tube is secured by an ar-
rangement of resistors (6, 64 and 65 similar to
that set forth in Fig. 2. Similarly the supple-
mental tube 2{ has the elements thereof arranged
as explained in connection with the circuit of
Fig. 2 with the additional precise balancing ob-
tained by the provision of adjustable resistor 152
connected to tap 13 in the potential divider cir-

"cuit which includes adjustable resistors 15, T4

and 36, as shown. Variations in electron emis-"

. The power supply for the

10
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obtained by effecting the adjustment shown for-

will vary with the power supply. By arranging
the second direct current supply so that it is in-
sulated completely from ground, this connection
between resistors 50 and 53 will continually take
on the voltage of the first stage without ever
affecting the input voltage on the second stage.
In the circuits shown in Figs. 1-4, the second
stage is held at a definite voltage, that is, the
voltage maintaineqd by the supplemental tube cir-
cuit of the first stage constituted by tube 2i.
The major compensation for emission change
is accomplished independently of the compensa-
tion of voltage changes making complete balanc-
ing of the system easier of accomplishment.
The electrodes of tubes | and 41 are arranged
as explained in Figs. 2 and 4 with similar circuit
elements. Provision is made however for inde-
pendently balancing the circuit to the screen grid
5 by means of adjustable resistor 185 connected
to tap 67 in the potentiometer or divider circuit
containing resistors 16, 64 and 65. Independ-
ently adjustable balancing resistor 155 is con-
nected between tap 63 in the same circuit and

" the auxiliary grid T with the additional adjust-

25

-sion for tube 21 are adjusted with a high degree . .

‘of precision by means of adjustgble rheostat £53.
. The plate circuit of supplemental tube 2{ con-
‘nects to.the cathode system of the tube 41 con-
. stituting the second stage of amplification.
vision is made for the compensation of variations

30

Pro- .

in electron emission in a manner similar to that -

explained in connection with tubes { and 21, that
is by the arrangement of adjustable resistance

154 disposed in circuit between the space charge

grid 44 and the cathode 42 as shown.
The energization for the other elements of tube

41 is obtained in a manner similar to the ar-.

rangements heretofore explained so that an am-
plified output is delivered at 6§ under conditions
of great stability.

In Fig. 5 I have shown a further improvement
in the amplification system embodying my inven-
tion in which the pentodes | and 41 -constituting
the first and second stages of the amplifier sys-
tem are coupled without the ald of the supple-
- mental tube circuit heretofore explained. The
separate tubes { and 41 in Fig. 5 are individually

balanced. This arrangement is radically differ-:
ent from the coupled circuits of my Patent

2,245,616 supra. In the circuits disclosed in that
. patent part of the cathode current of the second

stage tube goes through resistances of the circuit
of the first stage. ‘Therefore, changes in the sec-
ond stage cathode current, due to power supply,
_voltage and emission changes, will affect the out-
put of the first stage. The compensation for
these changes in the first stage are then taken
care of in the balancing of the second stage.
That is, the balancing of the two stages are not
independent of each other.

In Fig. 5 the circuit arrangement is such that
not only each stage but each type of variation,
the voltage on the elements and the emission, is
balanced independently.

In the circuit of Fig. 5 the entire second stage
floats with respect to the first stage.

Variations in emission and voltages due to the
changes in power supply voltage of the first stage
are compensated for in such a way that they
will not appear in the voltage between the control
grid and connection between resistors 60 and 53.
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Voltage above ground of this latter connection 75

able resistor 156 disposed in series therewith as
shown for effecting precision balancing of the
first stage. This circuit will also function with -
some. tubes when. grids 4 and 44 are directly con-
nected to the cennection between resmtors {3 and
-1 or 50 and 51.

In reviewing the several ﬂgures of the draw- -
ings, it will he seen that the first stage of ampli-
fication in Figs. 1-4 is constituted by the pentode
{ including its cathode and anode and multiplic-
ity of cold grid electrodes in association with the
supplemental tube 21 having the cathode and an-
ode thereof connected in multiple with the cath-
ode and anode of the tube {. The output circuits
of each of these tubes | and 21 in multiple con~
nect to the control and cathode of the tube #1.
In effect the anode of tube | connects to the con-
trol grid of tube 4f while the anode of tube 2
connects fo the cathode of tube 41, In Fig. 1
additional balance is obtained by an adjustable
resistor disposed in circuit with the screen grid
electrodes. In Fig. 2 additional balancing is ob-
tained by an adjustable resistor disposed in cir-
cuit with the auxiliary grid electrode. In Fig. 3
additional balancing is obtained by including ad-
justable resistors in the control grid circuits of
the several tubes, together with independently
adjustable resistors in the screen grid circuits
thereof. In Fig. 4 additional balancing is ob-
tained by including adjustable resistors in the

-auxiliary grid circuits, at the same time including

additional adjustable resistors in each of the con-
trol grid circuits. In Fig. 5 wherein the separate
stages are individually balanced, precision bal-
ancing is obtained by including independently
adjustable resistors in series with the screen grid
electrodes, the auxiliary grid electrodes, as well as
the control grid electrodes.

' The circuits embodying my invention are shown
in their general form. It is understood that any
resistor shown in these circuits can have s resist-
ance of zero ohms, if it is found that this condi-
tion is required for balance or correct compen-
sation. One or up to three of the resistors, (50,
151, 154, 155, 156 may have zero ohms.

The circuit arrangements of my invention have
proven highly practical in operation and while I
have explained my invention in certain pre-

ferred embodiments, I desire that it be under-

stood that modifications may be made and no
limitations upon my invention are intended other
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zlhsn are imposed by the scope of the appended
ms.

What I claim as new and desire to secure by
Letters Patent of the United States, is as follows:

1. A stabilized amplification system comprising
a plurality of electron tubes each including a
cathode, a space charge grid, a control grid, a
screen grid, an auxiliary grid and anode elec-
trodes, a power supply circuit for energizing said
electrodes, circuits individual to the electrodes of
each of sald tubes, means for electrically balanc-
ing the circuits of each of said tubes constituting
separately balanced stages, ohe of said stages
including a pair of said tubes with the cathode
and anodes thereof connected in multiple and
another of said stages including another of said
tubes with the control grid electrically connected
with the anode of one of said pair of tubes and
the cathode electrically connected with the anode
of the other of said tubes in said pair of tubes,
and an output circuit connected between the
anode and auxiliary grid of the tube in said last
mentioned stage.

9. A stabilized amplification system compris-
ing a plurality of electron tubes each including a
cathode, a space charge grid, a control grid, a
screen grid, an auxiliary grid and anode elec-
trodes, a power supply circuit for energizing said
electrodes, circuits individual to the electrodes of
each of said tubes, means for electrically balanc-
ing the circuits of each of said tubes constituting
separately balanced stages, certain of said tubes
including independently adjustable means in cir-
cuit with the screen grid electrodes thereof, one
of said stages including & pair of said tubes with
the cathode and anodes thereof connected in
multiple and another of said stages including an-
other of said tubes with the control grid electri-
cally connected with the anode of one of said pair
of tubes and the cathode electrically connected
with the anode of the other of said tubes, and an
output circuit connected between the anode and
auxiliary grid of the tube in said last mentioned
stage.

3. A stabilized amplification system compris-
ing a plurality of electron tubes each including a
cathode, a space charge grid, a control grid, a
screen grid, an auxiliary grid and anode elec-
trodes, a power supply circuit for energizing sald
electrodes, circuits individual to the electrodes of
each of said tubes, means for electrically balanc-
ing the circuits of each of said tubes constituting
separately balanced stages, one of said stages in-
cluding a pair of said tubes with the cathode and
anodes thereof connected in multiple and an-
other of said stages including another of said
tubes with the control grid electrically connected
with the anode of one of said pair of tubes and
the cathode electrically connected with the anode

of the other of said tubes in said pair of tubes, ¢0

and an output circuit connected between two of
the electrodes of the tube in sald last mentioned
stage.

4, A stabilized amplification system comprising
a plurality of electron tubes each including a
cathode, a space charge grid, a control grid, a
screen grid, an auxiliary grid and anode elec-
trodes, a power supply circuit for energizing said
electrodes, circuits individual to the electrodes of
each of said tubes, means for electrically balanc-

ing the circuits of each of said tubes constituting -

separately balanced stages, certain of said tubes
including independently adjustable means in
circuit with the screen grid electrodes thereof,
one of sald stages including a pair of said tubes
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with the cathode and anodes thereof connected
in multiple and another of sald stages including
another of said tubes with the control grid eiec-
trically connected with the anode of one of said
8 pair of tubes and the cathode electrically con-
nected with the anode of the other of said tubes
in said pair of tubes, and an output circuit con-
nected between two of the electrodes of the tube
in said-last mentioned stage.
5. A stabilized amplification system comprising
8 plurality of electron tubes each including a
cathode, a space charge grid, a control grid, a
" screen grid, an auxiliary grid and anode elec-
trodes, & power supply circuit for energizing said
electrodes, circuits individual to the electrodes of
each of said tubes, means tor electricaily balanc-
ing the circuits of each of said tubes constituting
separately balanced stages, independently ad-
justable means in circuit with the auxiliary grid
in eacn of said tubes, one of said stages inciuding
& pair of said tubes with the cathode and anodes
thereof connected in multiple and another of said
stages including another of said tubes with the
control grid electrically connected with the anode
of one of said pair of tubes and the cathode elec-
trically connected with the anode of the otner
of said tubes in said pair of tubes, and an output
circuit connected between two of the elecirodes
of the tube in said last mentioned stage. "
6. A stabilized amplification system comprising
a plurality of electron tubes each incluaing a
cathode, a space charge grid, a control grid, a
screen grid, an auxiliary grid and anode €lec-
trodes, a power supply circuit for energizing said
electrodes, circuits individual to the elecirodes
of each of said tubes, means for electrically bal- .
ancing the circuits of each of said tubes con-
stituting separately balanced stages, means asso-
ciated with the cathodes of each of said tubes for
maintaining constant electron emission there-
from, one of said stages including a pair of said
tubes with the cathode and anodes thereof con-
nected in multiple and another of said stages in-
cluding another of said tubes with the control
grid electrically connected with the anode of one
of said pair of tubes and the cathode electrically
connected with the anode of the other of said
tubes in said pair of tubes, and an output circuit
connected between two of the electrodes of the
tube in said last mentioned stage.
7. A stabilized amplification system comprising
a plurality of electrecn tubes each including a
cathode, a space charge grid, a control grid, a
screen grid, an auxiliary grid and anode elec-
trodes, a power supply circuit for energizing said
electrodes, circuits individual to the electrodes of
each of said tubes, means for electrically balanc-
ing the circuits of each of said tubes constituting
separately balanced stages, means associated with
the cathodes of each of said tubes for maintain-
ing constant electron emission therefrom, inde-
pendently adjustable means in circuit with each
of said auxiliary grids for balancing each of said
stages in said auxiliary grids, one of said stages
68 including a pair of said tubes with the cathode
and anodes thereof connected in muiltiple and
another of said stages including another of said
tubes with the cortrol grid electrically connected
with the anode of one of said pair of tubes and
70 the cathode electrically connected with the anode
of the other of said tubes in said pair of tubes,
and an output circuit connected between two of
the electrodes of the tube in said last mentioned
stage.
78 8. A stabilized amplification system comprising

10

13

20

23

30

35

40

45

50

55




6

a plurality of electron tubes each including a
cathode, a space charge grid, a control grid, a
screen grid, an auxiliary grid and anode elec-
trodes, & power supply circuit for energizing said
electrodes, circuits individual to the electrodes of
each of said tubes, means for electrically balanc-
ing the circuits of each of said tubes constituting
separately balanced stages, an adjustable resistor
interposed between said space ‘charge grid and
sald cathode for compensating for variations in
electron emission from said cathode, one of said
stages including a pair of said tubes with the
cathode and anodes thereof connected in multiple
and another of sald stages including another of
said tubes with the control grid electrically con-
nected with the anode of one of said pair of tubes
and the cathode electrically connected with the
anode of the other of said tubes in said pair of
tubes, and an output circuit connected between
two of the electrodes of the tube in said last men-
tioned stage. )

" 9. A stabilized amplification system comprising
a plurality of electron tubes each including a
cathode, & space charge grid, a control grid, a
sereen grid; an auxiliary grid end anode elec-
trodes, a power supply circuit for energizing said
- electrodes,  circuits individual to. the electrodes

2,309,415
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of each of said tubes, means for electrically bal-- -

ancing the circuits of each of said tubes consti-
tuting separately balanced stages, one of said
.stages incliding & pair of said tubes with the
cathode and anodes thereof connected in multiple
and anothér of sald stages including another of

said tubes with the control grid electrically con-
nected with the anode of one of said pair of tubes
and the cathode electrically connected with the
anode of the other of said tubes in said pair of

.tubes, an output circuit connected between the

anode and auxiliary grid of the tube in said last
mentioned stage, and an adjustable resistor in
said last mentioned connection for further bal-
ancing the operation of said circuits.

10. A stabilized amplification system compris-
ing a plurality of electron tubes each including
a cathode, a space charge grid, a control grid, a
screen grid, an auxiliary grid and anode elec-
trodes, a power supply circuit for energizing said
electrodes, circuits individual to the electrodes of
each of said tubes, means for electrically balanc-
ing the circuits of each of said tubes constituting
separately balanced stages, one of said stages
including a pair of said tubes with the cathode
and anodes thereof connected in multiple and
another of said stages including another of said
tubes with the control grid electrically connected
with the anode of one of said pair of tubes and
the cathode electrically connected with the anode
of the other of said tubes in said pair of tubes,
an output circuit connected between the anode

“and auxiliary grid of the tube in said last men-
- tloned stage, an adjustable resistor in said last

mentioned connection for further balancing the

40 operation of said circuits, and independently ad-

justable means in circuit with each of the screen

- grid electrodes of said electron tubes.

WALTER SOLLER.



