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1

This application is continuation in part of my
copending application for United States patent,
Serial No. 489,207, filed May 31, 1943, now Pat-
ent No. 2,476,657, dated July 19, 1949. Whereas
that application relates to a motor control cir-
¢uit including dual tubes, selectively rendered
conductive to select direction of operation of the
controlled motor, the present invention relates to
balancing sensitivity of dual tubes, several forms
of the invention being disclosed in the noted co-
pending patent application.

Dual tubes with a common grid circuit are well
known .and used in a tremendous number of dif-
ferent circuit arrangements, such as those where-
in selection of one of two circuits for energiza-
tion is accomplished by signals applied tc the
tubes, so that the tubes act as a switch or
wherein degree of energization of two circuits de-
pends on sighals applied to the respective tubes,
wherein the tubes act as variable resistances, or
wherein two parallel connected tubes are to con-
trol simultaneous energization of two circuits in
the manner of a switch, or to simultaneously
-vary degree of energization of the circuits that
they respectively control, by application to the
tubes of a eommen signal, or by application to
the respective tubes of different signals. In any
such. situation, it is highly desirable that the
paired tubes be of equal sensitivity, so that ap-

plication of a common signal voltage, applica- -

tion of equal signal voltages to the respective
tubes at different times, and so forth, will pro-
duce exactly similar operation of the two tubes.
Commercially available tubes, however, vary in
characteristics of sensitivity from tube to tube,
and consequently operation of dual tube con-
trolled circuits has been much more difficult in
practice than in theory. Such expedients as
careful matching of tubes for close sensitivity
similarity, and independent adjustment of bias
voltages have been resorted to. The former ex-
pedient requires a tedious and expensive match-
ing procedure, the latter, while being fairly satis-
factory so far as sensitivity equalizing per se is
concerned, tends to upset the grid circuit condi-
tions by changing the response of one or the
other, or both tubes to a given value of signal. -

One object of the present invention is to pro-
vide simple and effective method and means per-
mitting sensitivity equalization of dual tubes,
which does not involve adjustment of the tube-
controlling bias, and which permits exact bal-
ance of response of the tubes to a given value of
signal.

Another object is the provision of such method
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and means capable of use with a dual tube com-
mon grid cireuit of practically any arrangement,
and usable with various types of signal voltages,
or variable amplitude direct or alternating cur-
rent signal voltages.

The invention is based on the concept of simul-
taneously, equally and oppositely varying -the
sensitivity of two tubes having a common grid
circuit, by applying between the. control grids
a sensitivity bias voltage, so that adjustment of
such voltage increases bias on one tube and
simultaneously decreases that of the other, in the
meanner of swinging the respective grid voltages
in opposite directions abcut the main bias volt-
age that primarily selects response of the two
tubes to a given signal.

In the accompanying drawings,

Figs. 1, 4 to 6, 8 and 10 are schematics showing
various selected embodiments of the invention
applied to different grid circuits of dual tubes,
and illustrating the flexibility and great extent
of possible applications of the invention.

Figs. 2 and 3 are vector diagrams of cperation
of the form of invention of Fig. 1.

Figs. 7 and 8 are voltage graphs indicating op-
eration of the invention as applied in Fig. 6.

In the present application the term “dual
tubes” is intended to apply to tubes having a
common control grid circuit, and operating to
control one or more output circuits. The term
includes, but is not limited to sueh tubes as
comprise dual sets of elements in a single en-
velope, and it applies equally to entirely separate
tubes.

The drawings present only a few of the many
fields of use and arrangements of the inven-
tion, and are to be considered as being purely for
illustrative disclosure and example, and not as
limiting the invention to the specific forms
therein shown.

Figs.1to 6 represent grid circuits disclosed by
the noted Patent No. 2,476,657, with elimination
or simplification of parts of the eircuits disclosed
by such application that are not necessary to
full understanding of the present invention.

Describing the drawings in detail, and first

- referring to Fig. 1, tubes 15 and {6 exemplify a

50.

pair of dual tubes, respectively controlling cir-
cuits 17 and 18 that may include loads, repre-
sented by resistances {9 and 28, it being assumed
that such circuits are to be selectively energized
or both deenergized. The anode circuits {7 and
18 of the tubes are supplied with alternating volt-
age in phase agreement through a ftransformer
21, the secondary of which is connected in the
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3 .
common anode return of the tubes, and the pri-
mary energized by an alternating current source
22. To prevent conduction of the tubes during
positive half cycies of anode voltage, a suppress-
ing bias of adjustable amplitude and phase is
applied to the control grids 23 across a resistance
24 connected in the common return of the grid
circuit. Signal potentials of opposite sense are
applied to the control grids of the tubes across
grid return resistances 23 by condensers 28 which
connect corresponding terminals of such resist-
ances, and the control grids to opposite ends of
the secondary of a signal inpuf transformer 27,
a condenser 2§ being shunted across such sec-
ondary.

The variable amplitude and phase suppressing
voltage applied to the two control grids in phase
agreement is supplied across the resistance 24
through a potenticmeter 29 and a phase shifting
network 38 from the secondary of a transformer
21, the primary of which is energized by the same
alternating current source 22 that supplies the
anode circuits of the tubes. The alternating
suppressing voltage applied across the resistance
24 is, by means of potentiometer 28, adjusted to
prevent conduction by either tube 23 in the ab-
sence of a signal voltage when such voltage is
substantially in phase opposition to the anode
voltage. The phase shifter 3§ may be so adjusted

that the suppressing voltage applied to the con-

trol grids of the two tubes leads the gnode voltage
by socmewhat less than 180°, to overcome a dead
zone of the tubes and render them sensitive. o
a very small signal.

In this form of circuit, the signal may take
the form of a variable amplitude voltage applied
in opposite phase to the two conftrol grids, and
in such phase relation to the anode and suppress-
ing voltages variation in its amplitude serves to
advance and retard phases of the resultant con-
trolling voltages applied to the grids of the respec~
tive tubes depending on the phase of the signal
voltage, so that one tube is rendered conductive
while the other is maintained non-conductive.
‘While a variety of signal circuits may be used for
accomplishing such results, Fig. 1 shows a cir-
cuit disclosed by the noted copending application.

In Fig. 1, a bridge circuit 32 is energized by a
transformer 33 having iis primary energized from
the source 22 so that phase of the signal voltage

may properly be related to those of the tube-

energizing circuits. The bridge 32 has a movable
contact 34 by which a signal of reversible phase
and variable amplitude may be generated. Such
voltage is applied to the primary of the signal
transformer 27 through a potentiometer 35 and
a phase shifter 36. This phase shifter is arranged
to displace the signal voltage by substantially 90°
with reference to the anode voltage of the tubes.
By this arrangement, variation of the output of
bridge 32 by variation of contact 34 serves to ad-
vance and retard the respective grid voltages,
identity being determined by the phase of such
signal voltage, as Indicated above, to render con-
ductive the tube of which the grid voltage is
advanced.

In order to equalize sensitivity of the two tubes
so that they respectively become conductive at
equal degrees of advancing phase shift of the re-

spective controlling grid voltage, resulting from ;¢

the respective shifting effect of signal voltagss of
equal but opposite phase, in spife of variance he-
tween the firing response of the respective tubes
to- magnitude of control grid voltage phase ad-
vance, means are provided for applying an aux-
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iliary inter-grid bias for producing equal and
opposite sensitivity variance compensating shifts
in phase between the resultant grid voltages in
the two grid circuits. In Fig. 1 this takes the
form of a device for injecting in the two grid
circuits supolemental alternating current bias
voltages that are of opposite phase relative to
each other, and displaced i phase a variable de-
gree with respect to the suppressing voltage ap-
plied across the resistance 24.

Such means cormprises a center tapped poten-
tiometer 37 supplied from the source 22 by the
secondary of the suppressing voltage supplying
transformer 3F, through a limiting resistance 38.
Variation of the movable contact of the poten-
tiometer 37T selects the relative directions of grid
voltage phase shifts introduced by the supple-
mental phase-shifting bias voltages, and magni-
tude of such variations the degrees of such shifts.
By such variations, adjustment may be made of
the amplitudes of signal voltages introduced by
the transformer 27, which renders the respective
tubes conductive,

The operation of the equilizer arrangement
may be explained by reference to the vector dia-
grams of Figs. 2 and 3. Vector A represents the
line, or tube anode voltage, and o represents the
suppressing bias voltage applied across resist-
ance 24, which is common to the two grid cir-
cuits. The phase relation of vector a is fixed
by phase shifter 30, and this voltage leads. the
anode voltage by (180-—e8), degrees. If it is
supposed that the phase shift angles necessary
to render tubes 23 just conductive are. el and e2,
respectively, then the pre-phas: shift ed would
not be sufficient to fire one tube, but would be
ample to fire the other. The supplimental
egualizing voltage introduced from equalizer 31
is'shown by the vectors b and b’ in Figs. 2 and 3
respectively, and it will be noted that these vec-
tors have oppcsite phase relation, b being .in
phase with the anode voltage, while b’ is oppo-
site in phase to the anode voltage. The result-
ant alternating biasing voltages for the two grid

; circuits are now represented by the vectors cl
for one tube and c2 for the other, and these vec-

tors have the proper phase angle to adjust both
tubes so that they become conductive at egual
signal valucs.

In practice, the amount of equalizing voltage
necessary to equalize the two tubes is small com-
pared with the common suppressing voltage de-
veloped across the resistance 24. It is not neces-
sary that the equalizing voltages be in phase and
opposite to the phase of the anode voltages, but
preferably they should be out of phase with the
suppressing voltage across resistance 24.

Adjustment of sensitivity of the two tubes
readily can be accomplished by short circuiting
the input terminals of the transformer 27, and
adiustment of the equalizing potentiometer 31
until both tubes become conductive at the same
instant upon advancement of the phase of the
suppressing voltage by variation of phase shifter
38.

Fig. 4 shows a variation in the equalizer ar-
rangement, and also illustrates an arrangement
for controlling by a direct current signal a pair
of dual tubes supplied with alternating anode
and suppressing voltages in the manner of Fig. 1.
The equalizer itself is the same as in Fig. 1, be-
ing a center tapped potentiometer 49, supplied
by a transformer 44, and having its variabl. con-
tact and center tap connected in series in the
circuit. In Fig. 3 the equalizer is connected in




the input-to the phase shifter 42, rather than in
the output. This arrangement has the advan-
tage that the equalizing voltages are shifted in
phase by the phase shifter 42, and have a phase
angle displaced in phase by substantially 990°
with refcrence to the equalizing voltages b,
. shown in Figs. 2 and 3. With this phase angle,
smaller equalizing voltages are required to shift
the resultant srid voltages from the vector a to
the vector ¢, and the resulting vectors cl and c2
in Figs. 2 and 3 are substantially equal in ampli-
tude.

For control of tubes 48 by a direct current sig-
nal of reversible polarity and variable amplitude,
such Signals may be impressed from a source 44
across the grid cireuits of siich tubes through a
potentiometer 45 and series resistances or in-
ductances 43 which prevent the direct current
‘signal source from influencing the alternating
voltages applied to the grid circuits through the
transiormer 47

By the arrangement of Fig. 4, a direct current
signal of one polarity will cause conduction of
the tube while a signal of opposite polarity will
cause conduction of the other tube. The ei-
fective output current will vary in accordance
with the armaplitude of the direct current signal,
and operation is not dependent upon presence
of an alternating voltage applied through po-
tentiom: ter 48, although the system will respond
equally well to a variable amplitude alternating
voltage of proper phase relation, as explained
relative -to Fig. 1, applied through the poten-
tiometer 48.

While the prevmus circuits have been arranged
to apply equalizing voltages to the grid circuits
of both tubes, it is possible to accomplish equal-
ization in o simple and satisfactory manner by
applying an equalizing voltage between the grids
by means of a voltage source conn:ccted in one
grid circuit. An arrangement of this kind is
.shown by Fig. 5, the grid circuit arrangement
therein, as in Fig. 4, being such that either a di-
rect or an alterna’cmg voltage of variable ampli-
tude may be used to control the dual tubes 50.
Direct current signal voltages are applied across
resistances 5i, 52 in series, and an equalizing po-
tentiometir 53 is connected in series with the
¢rid circuit of one of -the tubes 50, whereby an
alternating current equalizing voltage of rever-
sible phase and variable amplitude, both of which
are selected by the position of the movable con-
tact of the potentiometer relative to iis center
tap, may be applied to the grid eircuit in which

.the potentiometer is connected. .The potenti-.

ometer is shown as being Supplied from a sec-
~ondary winding 54, of a transformer 55, sep-
arated from the secondary winding 56 that sup-
plies the suppressing voltage across the resist-
ance 28; but may be supplied as in Figs. 1 and 4,
.or in other suitable  manner. A phase shifter

"may be included in the supply circuit to poten-’

tiometer 58, as indicated at 57, so that the equal-
izing voltage can be made in phase quadrature

.with the suppressing voltage, or to have any

other desired phase relation. In this arrange-
ment, the equalizing voltage, which is effective
to shift the resultant grid voltage of the tube in
the grid circuit of which it is connected, makes
such shift with respect not only to the suppress-
ing voltage phase, but also to the phase of the
voltage applied to the grid of the other tube,
since the supplemental equalizing voltage is ap-~
- plied between the grids.
In Fig. 6 is shown a control circuit for select-
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ing, by means of a direct current sighal of reveérs=
ible polarity and variable amplitude conductivity
of two tubes 60, which respectively control output
circuits 6{ having a common return 62, and ener-
gized by direct connection with an alternating
current source 63. The direct current signal is
impressed across resistance 84 in series with the -
center tap and variable contact of the resistances
of an equalizing potentiometer 65, to which direct
current is supplied from a source represented by
battery 66. It will be understood that the equal-
jzer potentiometer 85 supplies equalizing poten-
tials of opposite polarity to the grid circuits of
the tubes 88, and that such potentials may be
varied in amplitude and reversed in polarity by
adjusting the contact of the potentiometer. The

- secondary winding of a suppressing bias trans-
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.67 and potentiometer 68.

.of the signal.

former 671, energized by the source 63, is con-
nected in series in the commeon grid lead for
the two tubes, and supplies a suppressing voltage
in 180° phase opposition to the anode voltage,
and of sufficient amplitude to prevent conduction
of the tubes in absence of a signal voltage.

A variable direct current voltage is also intro-
duced in the common grid lead for the two tubes
by a potentiometer 68 supplied from a suitable
source represented by the battery 88.

In Fig. 7, the curve A represents the potentials
applied to the plates of tubes €0 in Fig. 6. The
dotted curve a represents the common alternat-
ing suppressing voltage appiied to the grid cir-
cuits of the two fubes  from the secondary of
transformer 67. The line b parallel to the zero
line represents the positive potential applied to
each grid from the potentiometer 68, and the
solid curve c represents the resultant potential
applied to each grid of tubes &8 from transformer
It is clear that the
resultant effect of the direct current bias from
potentiometer 68 is to shift the aliernating sup-
pressing voltage curve ¢ upwardly to the position
¢, and the direct current biasing voltage is ad-
justed until this curve just fails to touch the
critical characteristic curve d. In this way, the
so called “dead zone” of the tubes is reduced,
and a very small signal voltage will serve to
cause one tube to fire, depending on the polarity
If the two tubes have slightly dif-
ferent characteristics, adjustment of the contact
on equalizer 65 will secure operation of the two
tubes in response to equal signal voltages. The
effect of the equalizer adjustment is illustrated
in Fig., 8 where curves c¢f and c2 represent the
individual grid voltage curves which are required
in order to just fail to touch the respective crit-
ical grid characteristics. . These characteristic
curves as well as the direct current bias line are
omitted from Fig. 8 for the sake of clearness, and
it will be understood that the separation between
the curves c¢i and c2 is greatly exaggerated.

"An incoming signal which causes the grid of
one tube 60 to go more positive will cause this
tuke to conduct to energize one circuit 61, while
an incoming signal which causes the grid of the
other tube to go more positive will energize the
other circuit 61. In either case, the incoming
signal causes the grid of the inoperative tube to
become less positive and thereby insures against
operation of both tubes.

Fig. 9 discloses a different type of signal circuit
wherein phase of a signal voltage selects one of
dual tubes 10 to be rendered conductive, and am-
plitude of such voltage determines amplitude of
current output of the tube so selected. The ancde
voltages of the tube are supplied in phase agree-
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fent thirough a transformer 71, the secondary of
‘which is connected in the common return of the
two outputb circuits 72, and the primary of which
is energized by an alternating current source 73.
Bias to prevent conduction of the tubes in ab-
sence of a signal may be applied by a potentiom-
eter T4 connected in the cominon grid lead -and
energized by a suitable source 75. An alternating
signal voltage is applicd across series connected
resistances 76, connected between the grid cir-
cuits of the respective tubes from the  series-
opposed connected windings 17 of a differential
transformer 18, the priziary 79 of which is ener-
gized by the source 73. As is well known output
of the secondary of such a transformer depends
on relative degrées of coupling of the two second-
ary windings 7% to the primary 79. Such relative
coupling is varaible hy a movable core 80 that
may be actuated by a mechanical conirol device
8i. Presence of an output secondary voltage
depends on unequal coupling between the wind-
ings 17T and the primary 79, the identity of the
closer -coupled windings determining the phase
of the output, which is of reversible but other-
wise fixed phase, and the amplitude of the voltage
depending on the degree of unbalance produced
by the unequal coupling.

In Fig. 9, equalization of the sensitivity of the
two tubss is accomplished by connecting in series
in the output circuit of the transformer 18, the
secondary of a transformer 82, the primary of
which is -energized from source 78 through a
phase-reversing and amplitude selecting center
tapped potentiometer 83. This arrangement per-
mits application between the grids of the respec-
tive tubes 73 an alternating potential of reversible
phase and variable amplitude by means of which
may be equalized response of the tubes to signals
of equal amplitude and opposite vhase, generated
by the transformer 18 and applied to the grids
across the resistances 76.

in Fig. 10 is shown application of the inven-
tion to a bridge type signal circuit forming the
input of a ‘position control eircuit, by means of
which direction of operation of a motor 85 may
be selected, and degree of operation of the motor
is made propertional to magnitude of a signal by
a signal-balancing feedback arrangement oper-
ated by the motor.

The bridge circuit-comprises a pair of poten-
tiometer resistances 85 connected across a source
of current 8% that may be either direct or alter-
nating, and the voltages of the respective variable
rotenticmeter contacts are applied to the control
grids of the dual tubes 88. The variable con-
tact of one potentiometer 88 may constitute 2
signal vo'tage regulator, and may be driven by a
mechanical centrolier 38, while the variable con-
tact of the other potentiometer is movable by the
controlled motor 85 to balance the bridge upon
completion hy the motor of an cperation propor-
tional in degree to magnitude of = signal voltage
produced by moving the signal contact to un-
balance the bridge.

In applying the invention to this circuit, an
equalizing potentiometer 89, ehergized by a suit-
able sourez §1, the character of which depends on
that of source 87, has ils center tap and variable
constant connected in series across a part of one
of the bridge potentiometer resistances 86, shown
as the signal potentiomster. By adjustment of
the movable contact of the potentiometer, oOpPPeC-
site potentials, of reversible phase and variable
maghitude are applied to the grids of the respec-
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tive tubes 88, and consequently compeérsation
may be made for .differences in -sensitivity char-
acteristics of the tubes.

Several types-of circuit That may be controlled
by a dual tube stage, wherein the tubes are com-
pensated in accordance with' the present .inven-
tion to balance their sensitivity, are disclosed by
my above-identified copending application. In
that application the tubes corresponding to the
‘tubss of Fig. 1 are gas discharge tubes, control-
ling a-motor and the grid circuit therein diselosed
is provided with auxiliary pulse-creating means
for providing an anti-hunt drive of the motor.

It will be understood that in any of the circuits
herein disclosed, where the tubes are used to con-
trol variable voltage or current output circuits,
-and the system is so arranged that the tubes are
operated to produce such variable outputs, the
tubes may be either of .gas discharge type, -as
indicated by the -dots enclosed in ‘the tube en-
velopes of Figs. 1 and 6, or, if the cireuit is de-~
signed for such tubes they may be of high vacu-
um voltage-amplifying or current-controlling
type. As set forth in the parent application, in
the circuits relating to control of the dual tubes
by phase shift of grid voltage through variation
of amplitude of a signal voltage having a fixed
phase relation to the suppressing bias, and where-
in the dual tubes are of gas discharge type, the
suppressing voltages are substantially in excess
of those necessary to prevent firing of the tubes,
this safety measure against unintended firing
being permitted by the provision of means for
combining with the suppressing voltage a variable
amplitude signal voltage having a fixed phase
relation to the suppressing bias, and therefore
capable -of a readily and accurately controllable
phase shift of the resultant grid voltages by the
simple expedient of varying its amplitude. "This
arrangement is very valuable, especially in the
combination with adjustable auxiliary third bias-
ing means for adjusting phase of the resultant
grid voltages to reduce the “dead zone” of the
tubes to minimum.

It will be appreciated from the foregoing that
many variations of the invention not disclosed by
the drawings and specification may be resorted
te, and the invention may be applied to a great
many circuits other than those described.  While
the disclosure of the invention is limited to appli-
cation in the primary input circuit of a stage
containing dual tubes, it'is obvious that it can be
applied equally well in intermediate amplifying;
inverting or other stages, and also to power or
output stages. Accordingly it is to be understood
that the scope of the invention and that of the
protection accorded to it is determined by the
claims rather than by the disclosure.

I claim:

1. In a control. circuit that includes a pair of
gaseous discharge tubes, a source of alternating
current for energizing the anode circuits of said
tubes by voltages having the same phase relation,
means for supplying to the grid circuits -of ‘said
tubes -alternating suppressing voltages of the
same phase and amplitude to normally prevent
firing of said tubes, and means for supplying to
the grid circuits of said tubes signal voltages hav-
ing opposite variable tube-firing characteristics
controlling the firing of said tubes; an arrange-
ment for compensating variance between the fir-
ing responses of such tubes to magnitudes of
tube-firing characteristics of such signal volt-
ages, comprising means for introducing in said
respective grid circuits supplemental alternating
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voltages for firing the respective tubes at equal
magnitudes of tube-firing characteristics of such
signal voltages, said means being arranged to
supply such supplemental voltages in opposite
phase and displaced in phase Wit respect vo sald
suppressing voltages, and adjustable to permit
selection of sense of such phase displacement and
amplitude of such supplemental voitage.

2. A control circuit comprising, in combination,
a pair of gaseous discharge tubes, a source of
alternating current for energizing the anode cir-
cuits of said tubes by voltages having the same
phase relation, means for supplying to the grid
circuits of said tubes alternating suppressing
voliages having suitable phase and ampiitude
values normally to prevent Iiring of said tubes,
and adjustable means arranged iof equaliy and
oppositely varying the phase relation between
such respective suppressing voltages.

3. A control circuit according to claim 2 where-
in said phase adjusting means comprises means
for advancing the phase of one grid suppressing
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and arranged to apply between said grid circuits
3 potential having characteristics respectively to
aid and oppose tube-firing effects of signal voli-
ages applied to the grids of the respective tubes
by said control grid circuits according to sense of
such potential. )

7. A method of balancing sensitivity of dual
electron tubes that comprises applying between
the grids of said tubes of a potential that aids
and opposes signal voltages applied to the grids
of the respective tubes.

8. A method of balancing sensitivity of biased

 dual electron tubes that comprises applying be-

15

20

voltage and for simultaneously retarding the ,

phase of the other grid suppressing voltage, and
vice versa.

4. A control circuit comprising, in combina-
tion, a pair of gaseous discharge tubes, a source
of aiternating current for energizing the anode
circuits of said tubes by voltages having tie same

phase relation, means for supplying to the grid

circuits of said tubes alternating suppressing
voltages of the same phase and amplitude to nor-
maliy prevent firing of said tubes, means for sup-
plying to the grid circuits of said tubes signal
voltages for selectively controlling the firing one
or the other of said tubes, and means for in-
troducing into the grid circuit of at least one of
said tubes a supplemental alternating voltage of
the same frequency as the suppressing volitage,
said means being so arranged that such supple-
mental voitage is reversible in phase and variable
in amplitude whereby said tubes may be condi-
tioned for firingat the same s:gnal values.

5. The combination with interconnected con-
trol grid circuits for controiling operation of
dual tubes, and means for impressing on the con-
trol grids of such tubes signal voltages to control
tube operation, of means for compensating vari-
ance between sensitivities of the respective tubes
comprising means for applying between the grids
of said tube a potential of selective sense and
having oppositely effective tube-firing character-
istic-altering effects that respectively aid and
oppose signal voltages applied to the respective
grids according to sense of such potential.

6. The combination with control grid circuits
for controlling operation of dual tubes, said cir-
cuits being interconnected by a grid-cathode
lead including grid bias means, of means for
compensating variance between the response
characteristics of the respective tubes compris-
ing a cireuit connected between said control grid
circuits independently of the grid-cathode lead,

25

30

36

60

tween the control grids of such tubes an auxiliary
bias voltage that aids and opposes signal volt--
ages applied to the respective tubes. .

9. The combination of claim 5 wherein the -
means for applying the potential between the
control grids is arranged to permit selection of
the magnitude and reversal of the sense of such
potential, :

10. The combination of claim 6 wherein the
means for applying the potential between the
control grids is arranged to permit selection of
the magnitude and reversal of the sense of such
potential.

11. In a dual tube-controlling grid circuit for
applying signals of opposite character to the con-
trol grids of a pair of electron tubes, means for
compensating for variance between the sensitiv-
ity characteristics of response of such tubes to
variations in magnitude of signal values of volt-
ages applied to their respective control grids by
said circuit, comprising a source of variable volt-
age coupled effectively in series between said grids
and arranged to apply between them a voltage
having a biasing characteristic for equally and
oppositely varying the response characteristics of
such tubes, and single control means for simul-
taneously, equally and oppositely varying the
biasing characteristic of such voltage effective on
the control grids of such tube and for selecting
the sense of such voltage.

12. In a dual tube-controlling grid circuit for
applying signals of opposite character to the
control grids of a pair of electron tubes, means
in accordance with claim 11, wherein said source
of variable voltage comprises an impedance
coupled effectively in series between the control
grids of said tube, means for applying voltage
across said impedance, and adjustable control

means arranged for selecting sense and magni-
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tude of voltage applied between such grids.
PAUL GLASS.
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