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My invention relates to translating apparatus and,
more particularly, pertains to an improved circuit for de-

riving an undulating potential corresponding to an applied.
Such a cir-.

undulating potential, but inverted in phase.
cuit is especially useful in an application wherein from
an unbalanced or single-ended source, i. e., one supply-
ing an undulating potential having its alternating poten-
tial axis displaced from a plane of fixed reference poten-
tial, there is derived an undulating potential that is
balanced relative to the reference potential. For con-
venience my invention will be described in that coanec-
tion. '

As used herein, the term “balanced” refers to an ar-
rangement of the push-pull type in which a pair of un-
dulating potentials of the same wave form are supplied
to a utilization circuit with equal amplitude, but of op-
posite phase, at every instant of operation.

It is a general object.of my invention to provide an
improved phase-inverting translating circuit.

Another object of my invention is to provide a phase-
inverting translating circuit which may be employed for
effectlvely converting a single-ended source of undulat-
ing potential to a push-puil source and which affords
output potential amplitudes greater than heretofore at-
tainable, )

It is a further object of my invention to provide a

phase-inverting translating circuit incorporating a self-:

balancmg feature for assuring a balanced output poten-

tial in response to an applied unbalanced input potential

of variable amplitude.

Briefly stated, -a phase-inverting translating circuit in’
accordance with my invention comprises first'and second

electron discharge devices each including an anode, a
cathode and a control ‘electrode. A common anode-
cathode current path is provided for connecting the dis-
charge devices in series. A cathode impedance for the
first device and. an anode impedance. for the second de-
vice are included in this path. The circuit further in-
cludes another impedance having one terminal coupled
to the cathode of the first device, another terminal coupled
to- the anode of the second device and a portion inter-
mediate. the terminals coupled to the control electrode
of the second device. A control electrode-cathode cir-
cuit for the first discharge device is provided for apply-
ing an undulating input potential tothat device, and an
output circuit including the anode impedance, is- pro-
vided - for deriving an undulating: output potential from
the second device corresponding to.the input potential,
but inverted in phase.

The novel features, believed ‘to be characterxstlc of the
present invention, are set forth with particularity in the
appended claims. ' The invention itself, however, both
as to its. organization and: method:of: operation, together
with, further objects and advantages ithereof; may best be
understood by reference to the following description taken
in connection:with. the accompanying drawing: in which:

ig. 1 is a schematic circuit diagram of a phase-invert-’

¢

2

ing translatmg circuit constructed in accordance wnh my
invention; and
Fig. 2 111ustrates another embodiment of my invention.
With reference now to Fig. 1, there is shown, sche-
matically, a circuit diagram of a phase-inverting translat-

_ ing circuit 19, constructed in accordance with the instant
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invention. It includes a first electron discharge device 11
having an anode 12, a cathode 13 and a contro] electrode
or grid 14, and a second electron discharge device 15,
having an anode 16, a cathode 17 and a control electrode
18. Cathode 13 is connected through a cathode impedance .
19, preferably. a_resistor, to the negative terminal of a
source. of potential 20, the. positive terminal of which is
grounded, Anode 12 is directly connected to cathode 17,

5 and anode 16 is connectaed through an anode impedance

21, also preferably a resistor, to the positive terminal of .
another source of potential 22, the negative terminal of
which is grounded. 'Resistors 19 and 21 thus are included |
in'a common anode-cathode current path for devices 11
and 15, which are thereby connected in séries.

Another impedance included in the circuit is comprised
of a pair of resistors 23 and 24 connected in series. The
free terminal of resistor 23 is connected to cathode 13
of device 11, while the free terminal of resistor 24 is con:
nected to anode 16 of device 15. A lead 26 extends from
the junction of resistors 23 and 24 to ocntrol electrode 18
of device 15.

A control electrode-cathode circuit for dlscharge device
11 includes a resistor 26 extending between control elec-
trode 14 and the variable tap of a potentiometer 27 con-
nected in parallel with source 20. The tap of potentiom-
eter 27 is by-passed to ground by a condenser 28. In
order to apply an undulating input potential to device 11,
a source 29, such as a generator of sawtooth or sweep
waves, is coupled to control electrode 14 through a cou-
pling condenser 30 and appropriate ground connections.

The output of translator circuit 10 includes cathode
impedance 19 and anode impedance 21, and for deriving
undulating output potentials therefrom, a pair of coupling
condensers 31 and 32 extend from cathode 13 and anode
16, respectively, to a utilization circuit such as deflection
plates 33 of a cathode-ray tube 34.°

In constructing & translating circuit in accordance with
the -present invention, it has -been found desirable to
utilize electron tubes 11 and 15 which have ‘essentially
the same dynamic anode-cathode impedances and fo have
resistors 19 and 21-of substantially equal values. Also,
the resistance value of tesistor 24 should be slightly larger
than that of resistor 23 to provide a suitable control grid-
to-cathode bias potential for tube 15. However, in some
applications, equal resistance values have been found to
be satisfactory for resistors 23 and 24. A potentiometer
27 is prov1ded in parallel with source 20 having a tap
which is adjusted to provide a suitable grid-bias potential
for tube 11. )

In considering the operation of the circuit shown in
Fip. 1, it is'assumed that generator 29 supplies an un-
dulating potential of sawtooth wave form, such as that
represented by curve 35. As will be later seen, undulat-
ing output potentials from the translating circuit, in ac-
cordance with the invention, may be represented by saw-.
tooth wave forms 36 and 37. It is further assumed that
the ‘undulating potentials applied to the input circuits of
tubes 11 and 15 °are not so large in magnitude as to
effect grid current flow or anode current cut off. Im
other words, the tubes are operated essentially as lmear:
devices. - : -

-From an mspectmn of Flg 1 1t is apparent that tube

15 is"in ‘an anode-load circuit for tube 11, and that tub&’ -

11-is in a cathode-load circuit for tube 15.  Conse-

" quently, the anode-cathode current of these- tubes must

be the same, since there is no alternative current path,
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Responsive to -undulating potential 38, there is denved

at load impedance 19 of tube 11, the sawtooth wave 36 .

which ‘corrésponds in. phase to the dpplied wave 34, Be-

cause the anode-cathode: current paths. of tubes 11 and 15

are in series, the current .variations which produce poten-. ¢

tial 36 also flow through resistor 21.” Moreover, poten-
tial variations: at anode 12, caused by the input wave;
drive cathode 17 of device 15 in a direction 16 assist cur-
rent variations in the series circuit.

form 37 corresponding to mput wave 35, but of opposnte
phase:- -

Since the mstantaneous current undulations in resistors
19 and 21 must be the same and. the résistors are of equal
value, the . Tesulting instantaneous voltages applied to
series resistors 23 and 24 are of équal amplitude, although
of opposxte phase.  Consequently, from instant to in-
stant, .in ‘each operatmg cycle,-the potential applied to
control grid-18 remains at a fixed value relative to ground

Now it will be demonstrated that circuit 10 remains
balanced - ‘at all tihes so that undulating potentials 36

and 37 of equal anmiplitude are supplied to-load 33.  For '

this analysis, let it be assumed for the moment that the
impedance: valugs presented, by .devices 11 and ‘15 are
unequal, with that of device 11 the higher-of the two.
For such a .condition to exist, the gnd—cathode potential
of .tube 11 should be larger,iin a negative sense, than the
corresponding potential of tube 15.. However, the. anode-

cathode current of these tubes must be equal and the re-

sulting voltage drop between the anode and cathode of
tube 11 should be correspondingly larger than that of
tube 15. Hence, anode 12 (and cathode. 17).must be
more positive relative to grid 18 than originally assumed,
i. e., the grid-cathode potential of tube 11 should be the

larger in a negative sense, than that for tube 15 which.

is contradictory to the initially assumed. conditions. - It is
evident then; that the initial assumption is invalid. -
From the foregoing nomn-sequitur, it may be concluded
that in operation, the grid biases for tubes 11 and 15 and
their dynamjc impedances are substantially equal at all
times. 'With such a relationship, the output potentials 36
and .37, although -of ‘opposite : polarity, have the same
magnitude from instant to instant. If this laiter condi-

tion does not hold-true, and an. unbalance does exist, for.
example, as.a result in a shift of dynamic 1mpedance of -

one tube, for example due to large variations in- input
amplitude .or tube-aging, the resulting potentxal applied
to ‘cathode' 17 is in a direction and of a magnitude to
equalize the dynamic 1mpedances and restore: the balance
condition.

It may be appropnate to pomt out that a change:in
static.-grid bias level in ‘tube 11; etfected by dlsplacmg
tap. 27, also alters the bias. for tube 15. "This is evident
from the preceding dlscussmn of - dynamic operatlon,

wherein it was shown that because the dynamic imped-- 5

ances of the tube must remain:the same at -all times, the
grid: biases must be equal.

Thus, it may- be seen: that in- response to unbalanced
saw-tooth wave 35, a push-pull: undulating potential is
supplied to deﬂectlon plates 33 of cathode ray. tube 34.

- The alternatmg potential axis of this undulating voltage
remains at a _given reference. value to provide a: balanced
wave for a varxety of circumstances .which,  in conven-
tional circuits, might cause an unbalance to.oceur;

In practice, it has been found that because - tubes 11-
and .- 15-are -in -series "a - total anode supply .-potential
equal the .sum of the maximum rated voltage for:each
tube. may: be employed and. output . amphtudes up' to
100% greater than that.available in: a: single tube, prior
art, phase inverter circuit may be-derived at.each of

. impedances 19 and 21. " Hence, it is evident that a phase-

inverting translating circuit in; accardance with my. inven-

_ tion represents a matenal lmprovement over that prxor
art c ircuit,”
The embodlment of m y mventlon represented in. Fxg 2,

Hence, there is de-
rived from. anode load 21, the ‘outpiit voltage of wave i
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provxdes a circuit amphﬁcatlon much nearer umty than
that of the circuit illustrated in Fig. 1. . Translating cir-
cuit 10’, in accordance with the invention, is essentially
like citcuit 16 of Fig. 1 and similar: elements are rep-
resented by the identical reference. numerals.. Instead
of the triode type electrode tubes 11 and 15, pentode
type tubes -11’*and 15’ are employed. These tubes in-
clude, in addition to the usual anode, control grid and
cathode, a screen.electrode or grid 50 and a suppressor

“electrode 51, in tube 11’; and a screen. grid 52 and a

suppressor grid 33 in tube 15’. . Resistors. 23 and 24 arc
represented as a single.resistor:-having.a tap 54, inter-’
mediate its end portions connected to control grid 18 of
tube 15’ A tap 55 of resistor 2324 intermediate tap
54 and the end portion thereof connected to anode 16 is
connected ‘to screen grid 52.of tube 15. Screen grid 50,
of tube 11’, is connected to a third ‘tap 56 of resistor
23—24, disposed intermediate taps 54 and 55. The sup-
pressor grids 51 and: 53 of the tubes are.connected to
the respective cathodes thereof. A condenser 57 extends
between control electrode 18 and cathode 13, and a pair
of utilization circuits 88 and.59 are coupled to cathode
impedance 19 and to-anode impedance 21, respectively..

In constructing a signal-translating circuit 10, as shown
in Fig. 2, the same considerations applied to Fig. 1.are
carried out. . In addition, taps §5 and 56 are adjusted to
provide the required scteen grid potentials for tubes 11’
and 15, and the value of condenser 57 is chosen to com-
pensate for tube and stray capacitances.

The operation of this. embodiment .of the invention
generally follows that presented in connection with Fig. 1.
A source 58 supplies an undulating potential, for example,
of sine. wave form 59, to the control grid circuit of tube
1¥’.. In response to the applied wave, an in-phase un-
dulating potential 60.is developed.at impedance 19 and
supplied to a utilization circuit 61. At the same time,
an out-of-phase potential 62 is derived at 1mpedanCe 21
and applied to another utilization circuit 6

Condenser 57, as a result of its relatxonship in the
circuit operates to. balance out undesirable tube and stray’
capacitances, inSofar as. signal - currents resuiting from
such capacitances, are concerned. Specifically, such un-
desirable capacitances tend to reduce the arnphtndc of
high frequency. components.in. the translated undulating
stgnal By selecting -the value of condenser 57 so that
its . impedance ‘becomes ‘low for -these frequency com-
ponents, potential variations are transferred from cathode
13 of tube 11" to grid-18 of tube 15’. The phase is such
as to augment current variations in tubes 11" and 15" at
the frequencies. under - consideration and thereby com-
pensate any tendency toward a reduction in amplitude.

In.addition to having the same advantages as enu-
merated for the circuit of Fig. 1, this embodiment of the
invention is characterized by greater'ontput single am-
plitudes, because of .its.pear unity gain due to: higher
transconductance' of the pentode-type tube.. Moreover,
a great degree. of circuit isolation' is: afforded between
load circuits 61 .and 63 because of the added scries
capacitance provided by tube 15’ as compared with prior
single-tube circuits.

While particular. embodiments :of my invention. have
been shown and described, it is to be understood. that
various changes and modifications may ‘be made without
departing from this invention in its broader-aspects, and,
therefore, the aim in the appended claims isi to cover all
such - changes and modifications as fall ‘within ‘the true
spirit- and ‘scope of the invention.

What I claim as new and desiie to’ secme by Letters

- Patent of the United States is:

78

-1.- A phase-inverting translating circuit comprising first
and second- electron. discharge -devices each including an
anode, -a cathode and-a control elecirode, 2 common
anode-cathode - current path-for- said ‘devices .connecting
said devices in series and including a.cathode impedance
for said first: device .and .an anede impedance for said
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second device, another impedance having a ﬁrst termmal
directly connected to said cathode of said first device and
a second terminal of said .impedance directly connected
to said anode of said second device and a portion inter-
mediate said first and second terminals coupled to said
control electrode of said second device, a control elec-
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trode-cathode circuit for said first device for applying an -

undulating input potential to said first device, and an
output circuit including said anode impedance. for de-
riving an undulating output potential from said second
device corresponding to said input potential but inverted
in phase.

2. A phase-inverting translating circuit compnsmU first
and second electron discharge devices each including an
anode, a cathode and a control electrode, a common
anode-cathode current path for said devices connecting
said devices in series and including a cathode resistor for
said first device and an anode resistor for said second de-
vice, another resistor having a first terminal directly con-
nected to said cathode of said first device and-a second
terminal of said impedance directly connected to said
anode of said second device and a portion intermediate
said first and second terminals coupled to said control
electrode of said second device, a control electrode-

cathode circuit for said first device for applying an un- &

dulating input potential to said first device, and an out-
put circuit including said anode resistor for deriving an
undulating output potential from said second device cor-
responding to said input potential, but inverted in phase.

3. A phase-inverting translating circuit comprising first
and second electron discharge devices each including an
anode, a cathode and a control electrode, a common
anode-cathode current path for said devices connecting

said devices in series and including a cathode impedance

for said first device having a given value and an anode
impedance for said second device having a value-sub-
stantially equal to said given value, another impedance
having a first terminal directly connected to said cathode
of said first device and a second terminal of said im-
pedance directly connected to said anode of said. second
device and a portion intermediate said first -and second
terminals coupled to. said ‘control electrode’ of said sec-
ond device, a control electrode-cathode circuit for said
- first ‘device for applying an undulating input potential
to said first device, and an -output circuit including said
anode impedance for deriving an undulating output po-
tential from said second device corresponding to said
input potential, but inverted in phase.

4. A phase-inverting translating circuit comprising first
and second electron discharge devices each including an
anode, a cathode and a control electrode, a common
anode-cathode current path for said devices connecting
said devices in series and including a cathode impedance
for said first device having a resistive component of a
given value and an anode impedance for said second de-
vice having a resistive component of a.value substantially
equal to said given value, another impedance having a
first terminal directly connected to said cathode of said
first device and a second terminal directly connected to
said anode of said second device and a portion inter-
mediate said first and second terminals coupled to said
control electrode of said second device, a control elec-
trode-cathode circuit for said first device for applying an
undulating input potential to said first device, and an
output circuit including said anode impedance for deriv-
ing an undulating output potential from said second de-
vice corresponding to said input potentlal but mverted
in phase.

5. A .phase-inverting  translating circuit comprising

* first .and second electron discharge devices each ‘includ-
ing an anode, a cathode and a control electrode, a com-
mon anode-cathode current path- for-said devices con-
necting said devices in series-and incliding a cathode im-
pedance for said first device and an ‘anode impedance for
said second device, a first résistance having one of ifs

terminals directly connected to said cathode of said ﬁrst
device, a second resistance having one of its terminals di-
rectly connected to said anode of said second device, a
conductive connection “extending among the remaining
terminals of said first and second resistances and said con-
trol electrode of said second device, a control electrode-
cathode circuit for said first device for applying an un-

" dulating input potential to said first device, and an output

10

circuit -including said anode impedance for deriving an
undulating output potential from said second device cor-
responding to said input potential, but inverted in phase.

6. A phase-inverting translating circuit comprising
first and second electron discharge devices each includ-

. ing an anode, a cathode and a control electrode, a com-
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mon anode-cathode current path for said devices con-
necting said devices in series and including a cathode im-
pedance for said first device and an anode impedance for
said second device, a first resistance of a given value
having one of its terminals directly connected to said
cathode of said first device, a second resistance of a value
at least equal to said given value having one of its ter-
minals directly connected to said anode of said second
device, a conductive connection extending among the
remaining terminals of said first and second resistances
and said control electrode of said second device, a con-
trol electrode-cathode circuit for said first device for
applying an undulating input potential to said first de-
vice, and an output circuit including said anode impedance
for deriving an undulating output potential from said
second device corresponding to said imput potent1a1 but
inverted in phase.

7. A phase-inverting translating circuit comprising first
and second electron discharge devices each including an
anode, a cathode and a control electrode, said devices
having substantially equal dynamic anode-cathode imped-
ances, a common anode-cathode current path for said
devices connecting said devices in series and including a
cathode impedance for said first device and an anode im-
pedance for said second device, another impedance hav-
ing a first terminal directly connected to said cathode of
said first device and a second terminal directly. connected
to said anode of said second device and a portion inter-
mediate said first and second terminals coupled to said
control electrode of said second device, a control electrode
cathode circuit for said first device for applying an un-
dulating input potential to said first device, and an output
circuit including said anode impedance for deriving an
undulating output potential from said second device cor-
responding to said input potential, but inverted in phase.

8. A phase-inverting translating circuit comprising first
and second electron discharge devices each including an
anode, a cathode and a control electrode, a common
anode-cathode current path for said devices connecting
said devices in series and including a cathode impedance
for said first device and an anode impedance for said
second device, another impedance having a first terminal
directly connected to said cathode of said first device and
a second terminal directly connected to said anode of said
second device and a portion intermediate said first and
second terminals coupled to said control electrode of said
second device, a control electrode-cathode circuit for
said first device for applying an undulating input potential
to said first device, a first output circuit: including said
cathode impedance for deriving an undulating output po-
tential from said first device corresponding to said input
potential, and a second output circuit including said anode
impedance forderiving another undulating potential from
said second device corresponding to said input potentlal
but inverted in phase. )

. 9. A phase-inverting translating circuit comprising first
and second electron discharge devices .each including .an-
anode, a cathode and a control electrodeé, a- common
anode-cathode current . path for said devices connecting
said devices in series and including a cathode impedance
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for said first device and an anode impedance for said sec-
ond device, another impedance having ‘a first terminal
directly connected to said-cathode .of said first. device.-and
a second terminal directly connected to said anode of said
second device and a portion intermediate said first and

second terminals coupled to said control electrode of said- .

second device, a control.electrode-cathode. circuit for said
first device for applying to said first-device an undulating
input potential unbalanced relative ‘to .a plane of fixed
reference poteitial, and an output circuit coupled to said
cathode of said first device and to said anode of said sec-
ond device for deriving an undulating output potential
corresponding to said:input ‘potential, but balanced- rela-
tive to-said plane of-fixed reference potential.

10. A phase-inverting . translating circuit comprising
first and second electron discharge-devices each including
an anode, a cathode and - a control-electrode, a common

anode-cathode current path for said devices cennecting

said devices in series and includinga cathode:impedance
for said first device and an anode impedance for said

second device, another impedance having a first terminal -,

directly connected to said cathode of said first device and
a'second terminal directly connected-to said anode of said
second device and a portion intermediate ‘said first and

second terminals coupled to said control electrode of said -

10
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second device, a conirol electrode-cathode circuit for said-

first device for applying ‘an undulating input potential to
said first ‘device, an output circuit including said anode
impedance for deriving an undulating output potential

from.said second. device corresponding to said input po-

tential, but inverted in phase, and a capacitance having

30

one terminal coupled to said cathode of said first device -

and another terminal coupled to said control electrode
of said second device for compensating u11de51rable ca-
pacitances in said tlanslatmg circuit.

11. A’ phase-inverting “translating  circuit - comprising
first and second electren discharge devices each including
an -anode,; a cathode, 4 control electrode, and “an addi-
tional electrode, a common anode-cathode current path
for said devices connecting said devices. in"series and ia-
cluding a ¢athode impedance for said first device ‘and an
anode impedance for. said -second ‘device, another im-
pedance having a first” end- terminal directly. connected
to said cathode of said first-device and a second end ‘ter-
minal directly connected to said anode of said second de-
vice, a first portion intermediate said first and second tex-
minals coupled to said control elecirode of said second
device, .a second -portion intermediate said first pomon

and said second terminal coupled to-said additional -elce- |

trode of said second device and a third porticn-intermedi-
ate' said “first -and ‘second portion coupled- to -said -addi-
tional ‘clectrode “of said first device, a control electrode-
cathode- circuit for said first device for applying an un-
dulating input ‘potential-to said first device; and an-output
circuit including said -anode -impedance for deriving an
undulating ‘cutput potential from said second device cor-
responding to said input potential, but inverted in phase.
12. A -phase-inverting translating -circuit. comprising
first-and second electron discharge -devices-each including
an anode, a cathode, a control clectrode; and a ‘screen
electrode, a common anode-cathode. current path for said
devices ‘connecting said’ devices in series and including a
cathode impedance for said first' device and an anode im-
pedance for said second’ device, another- éssentiallyre-
sistive impedance having a first-end terminal-directly con-
“nected to said cathode of said first ‘dzvice, -a second enil
terminal directly connected to said anede of said second
device, a conductive connection extendingfrom-said con-
trol electrode -of said second device to a first ‘tap-of said
resistive - impedance ' intermediate said first and-sécond
end terminals thereof, another conductive connection €x-
tending from said- -Screen-electrode-of said second.device 1o

a.second tap-of said resistive impedance intermediate said:
second -end termmal and sald ﬁrst tap thereof gtill an- 75

40
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other conductive connectlon extending from said screen
electrode of said first device to a-third tap of said resistive
impedance intermediate said first and second taps thereof,
a control electrode-cathode circuit for said first device for
applying an undulating input potential to said first device,
and an output circuit including said .anode impedance for
deriving ‘an undulating -output pctential from said second
device corresponding to said mput potential, but inverted
in phase.

13. In combination a first ‘and second electron  dis-
charge device each including an anode, cathode and a
control electrode, a- common anode-cathode current path
for said devices connecting said devices in series and in-
cluding a cathode impedance for said first device and an
anode impedance for said second device, anther imped-
ance ‘having a first terminal directly connected .to said
cathode of said first device and a second terminal of said
impedance: directly connected to said anode of said sec-
ond device and a portion intermediate said first and sec-
ond terminals coupled to said control electrode of said
second device, - a .control electrode-cathode - circuit for

- -said first device for applying an undulating input potential

to -said first device, ‘a first output ‘circuit including said
anode impedance for deriving an undulating ‘output poten-
tial from said second device corresponding to said mput
potential but inverted in phase, and a-second output cir-
cuit including said cathode impedance for - deriving an
undulating output potential from said first device corre-
sponding to said input potential.

14. In combination a first and second electron dis-
charge device each including an anode, cathode and a
control -electrode, a common ancde-cathode current path
for said :devices connecting said devices in series and in-
cluding a cathode impedance for said first device and an

anode impedance for said-sécond: device, -another imped-

ance -having a first terminal directly .connected to -said
cathode of said first device and a second terminal of said
impedance directly connected to said anode of said second
device and a portion intermediate said first and second
terminals coupled: to said control electrode of said sec-
ond ‘device, a control electrode-cathode circuit. for said

“first device -for applying .an: undulating .input signal to

said first device, means for deriving a first undulating out-
put-signal from said second device corresponding to said
input signal but inverted in phase, and means for deriving -
a second undulating .output signal from said first dev'ce

- corresponding .to said input signal.
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15. In combination a first ‘and second electron. dis-
charge device each including an anode, cathode :and .a
control electrode, a common anode-cathode current path
for said devices connecting said devices in series and in-
cluding .a cathode impedance for said first device and an
anode impedance for said second device, a-control elec-
trode-cathode - circuit for said first :device for applying
an undulating input signal to said ‘first device, .another
impedance having a-first terminal connected to the junc-
tion of ‘said anode impedance with said- anode of said
second. device -and -a. second terminal -connected -to:the
junction of said cathode impedance with said icathode of
said first device; and a portion-intermediate said first and
second terminals coupled to said.control electrode:of said
second device, means for- deriving .a first cutput signal
from said cathode of said first device and meansfor deriv-
ing a second output signal from said anode of said'second
device. : ,

16..In combination “a. first -and second -electron .dis-
charge device each’including :an anode, -cathode and ‘a
control :electrode; a common anode-cathode -current path
for said devices connecting said -devices in series and.in-
cluding :a:cathode impedance for said first device and-.an
anode impedance for said secend device, a centrol elec:
trode-cathode circunit for said “first device for-applying
an- undulating input signal to said first device, means for
deriving signal variationsfrom the anode of said second
device, -means -for:.deriving ‘signal variations ‘from the
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cathode of said first device, a resistance having first and
second terminals and a third terminal intermediate said
first and second terminals, means for applying said anode
signal variations to said first terminal, means for applying
said cathode signal variations to said second terminal,
means coupling said third terminal to said control elec-
trode of said second device, means for deriving a first
output ‘signal from said first terminal and means for
deriving a second output signal from said second terminal.

References Cited in the file of this patent
UNITED STATES PATENTS

2,438,960 Blitz Apr. 6, 1948
2,474,435 MOOTE e June 28, 1949

5

2,592,193
2,631,197

427,384
489,486

10
Saunders woeeooacccao Apr. 8, 1952
Vilkomerson etal. —______ Mar. 10, 1953
FOREIGN PATENTS
Great Britain —ecccee o Apr. 17, 1935
Great Britain oo July 22, 1938

OTHER REFERENCES

Text, Vacuum Tube Amplifiers by Valley and Wallamn,

10 Radiation Lab. Series 18, pages 440, 441, Fig. 11.23,
October 1948.

Electronics, “Stable Instrument Amplifier” by Peter C.

Sulzer, page 116, March 1950.




