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4 Claims.

This invention relates to electron-discharge
tube cireuit-arrangements.

In many cases, for example, in automatic tele-
phone systems, echo-suppressor circuits, meas-
uring circuits and control-circuits it is required
to provide a device which permits the value of a
direct voltage to be tested selectively to ascertain
whether the tested voltage lies within or without
a given voltage range, for example by the response
of g relay when the voltage is between definite
limiting values or non-response of the relay when
the voltage exceeds the higher limiting value or
is lower than the lower limiting value. It is
desirable that the limiting values should be
sharply defined, i. e. the output voltage or out-
put current of the circuit should be subject to a
considerable variation, if the test voltage, upon
variation, passes a limit value, while furthermore
the limit value should be constant if the voltage
is varied either in an increasing or in a decreas-
ing sense.

In the copending U. S. patent application, Serial
No. 107,411, filed July 29, 1949, a circuit-arrange-
ment is suggested for comparing two voltages, in

which at two definite limiting values of the volt- ¥

age difference a steep variation of the output-
voltage or current is obtained by means of feed-
back. In the said circuit-arrangement, the
voltages to be compared are supplied to control-

grids of two discharge tubes, the common cathode -

circuit of which comprises a third tube. A con-
trol-electrode of a fourth tube is coupled, through
a rectifier, o the anode circuits of the first two
tubes, ang the fourth tube is coupled to the third
tube such that feed-back takes place. If the
input voltage difference is lower than a definite
threshold value, the rectifiers are cut off and the
feed-back factor is zero. If the absolute value
of the input voltage difference exceeds a thresh-
old value, one of the rectifiers becomes conductive
and the feed-back factor is approximately unity,
so that a very small variation of one of the input
voltages produces a considerable variation of the
current passing through the fourth tube.

The object of the present invention is to pro-
vide a simple circuit-arrangement which com-~
prises fewer tubes than the aforesaid arrange-
ment. It utilizes a circuit-arrangement of a
kind known per se, in which a control-voltage is
supplied to a control-electrode of a first discharge
tube, one output circuit of which is aperiodically
coupled to a control-electrode of a second dis-
charge tube, and one output circuit of the second
tube is aperiodically coupled to an input circuit
of the first tube in such manner as o obtain
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positive feed-back. Such a circuit-arrangement
is sometimes referred to as a “trigger circuit.”
A trigger circuit may, for example, be arranged
in such manner that a control-electrode of each
tube is coupled, through a battery or through
a potentiometer circuit-arrangement, to a point
of an output circuit, for example an anode circuit
of a screen-grid circuit of the other tube. Use
may also be made of a circuit, in which the
cathode circuits of the tubes have a common re-
sistance and only the control-electrode of the
first tube is coupled to an output circuit of the
other tube.

It is known to choose the elements of such a
circuit such that the feed-back factor is sub-
stantially unity. However, these known circuits
have only one limiting value.

According to the invention, a circuit-arrange-
ment in which a control voltage is supplied to a
control electrode of a first discharge tube of
which an output cireuit is coupled aperiodically
to a control-electrode of a second discharge tube
and an output circuit of the second tube is
coupled aperiodically to an input circuit of the
first discharge tube such that positive feed-back
occurs, is characterized in that the coupling cir-
cuit between the output circuit of the first tube
and the control-electrode of the second tube com-
prises a parallel-connection of two branches,
each of which comprises a rectifier, the rectifiers
being conductive in opposite senses and having
different biassing voltages such that the first
rectifier is conductive when the control-voltage
exceeds a definite first limiting value and the
second rectifier is conductive when the control-
voltage is lower than a definite second limiting
value which is lower than the first limiting value,
the feed-back factor being substantially unity, if
one of the rectifiers and the two tubes are con-
ductive.

The feed-back factor is zero or at least very
low when the two rectifiers are cut off, i. e. if
the voltage to be tested has a value between the
two limiting values.

In one embodiment of the circuit-arrangement,
a potentiometer is connected between two points
of constant potential angd the series-connection
of the two rectifiers is connected between two
points of the said potentiometer, the junction
point of the rectifiers being connected to a point
of the output circuit of the first discharge tube
and the control-electrode of the second tube be-
ing connected to a further point of the potenti-
ometer.

In a further embodiment, a potentiometer,
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part of which is shunted by the series-connection
of the rectifiers is connected between a point of
the output circuit of the first discharge tube and
a point of constant potential. The junction point
of the rectifiers is connected to the control-elec-
trode of the second tube, and the control-elec-
trode is furthermore connected, through at least
one resistance, to a point of constant potential.

The output voltage is preferably taken from a
point coupled to a point of an output circuit of
each of the tubes through a rectifier, the rectifiers
being so arranged that said point invariably fol-
lows either the higher or the lower potential of
the points of the output circuits of the tubes.

In order that the invention may be more clearly

understood and readily carried into effect, it will
now be described more fully with refererce to the
accompanying diagrammatic drawings, given by
way of example, in which:

Figs. 1, 3, 4 and 5 each show an embodiment of
the circuit-arrangement according to the inven-
tion, and

Figs. 2a and 2b are diagrams by means of which
the operation of the circuit-arrangements will be
explained.

In the circuit-arrangement shown in Fig. 1, a
voltage Vo to be tested. is supplied by way of a
terminal to the control-grid of a tube B:i. The
cathode circuits of the tube B: and a tube Bz com-
prises a common resistance Ri. The anodes of
these tubes are fed through resistances Rz and Rs,
respectively, from a voltage source Va.

The control-grid of tube Bz is connected,
through the series-combination of a rectifier gz
and a battery Ba, to a point 2 of the anode cir-
cuit of tube Bi. A rectifier g: is connected be-
tween point 2 and a tapping on battery Ba. The
control-grid of Bz is furthermore connected
through a resistance R4 to a point T of a poten-
tiometer RsRsR7 connected between the voltage
sources Vi and Va.

The control-grid of an auxiliary tube Bz is
coupled throuch a leakage resistance R's and
rectifiers gz and g« to the anodes of tubes B: and
Bs. Leakage resistances Rls prevent the control-
arid of tube Bs from assuming a high positive po-
tential relative to its cathode. The rectifiers are
arranged such that the control-grid assumes the
hicher of the potentials of the point 2 and a point
3 of the anode circuit of tube Ba.
presence of the leakage resistance Rs between
point 4, intermediate the rectifiers 93 and 94 and
the voltage source V1, at least one of the rectifiers
is conductive. The cathode of tube Bz is con-
nected to a point 8 of the potentiometer RsReRa.
The resistances Rs, Re and R7 are chosen such
that the potentials of points T and 8 are only
slightly affected by the emission-current of
tube Bs. The anode circuit of Bs includes the
winding of a test relay TR.

This circuit-arrangement operates as follows.
Tube B is cut off if a comparatively low test volt-
age Vo is supplied to its control-grid, the anode
voltaze at point 2 then being equal to V. The
potential of point T is lower than the potential V2
less the voltage of battery Ba. The rectifier g2
is then conductive, so that the control-grid of
tube B: has a comparatively high potential and
tube B: is conductive. Consequently, the poten-
tial of the control-grid of tube Bs has a compara-
tively high value, so that relay TR is energized.

If the potential of the control-grid of tube B
is caused to increase, tube Bi1 becomes conductive
at a definite limiting voltage Vg, the voltage of
point 2 drops and consequently also the potential

Owing to the
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of the control-grid of tube Bz drops. Since the
potential of the control-grid of tube B2 varies in
an absolute sense more than the potential of
point 1, the current flowing through tube B2 de-
creases more than the current passing through
tube B: increases, so that the voltage drop across
the cathode resistance Ri decreases.

The voltage across resistance R: is operative in
the grid circuit of tube B1 and in such sense that
the variation of the control-grid potential of tube
B: is supported, so that a feed-back effect is ob-
tained. The variation of the anode currents of
tubes B1 and Bz is shown in Figs. 2a by the curves
iaz and igz as functions of the input voltage Vo.

Fig. 2b shows the variaticn of the anode volt-
ages Va1 and Vae as functions of the input voltage
Vo. By a suitable choice of the circuit elements,
the feed-back factor is unity so that an extremely
small variation of the input voltage Vo at the
threshold value Ve produces a considerable varia-

tion of the current iq: passing through tube Bi.

The current passing through tube Bi increases
rapidly until the potential of point 2, less the
voltage of battery Ba, is equal to the potential of
point- 7. Owing to the potential drop of point 4,
the tube B3 is cut off and the relay TR is de-
energized.

The process is completely reversible, if the feed-
back factor is equal to or smaller than unity, i. e,
in this case, each value of the voltage Vo is asso-
ciated with only one value of iga or iz2. Fowever,
if the feed-back factor exceeds unity, the currents
vary with an increase of Vo according to the full-
line curve ia: and igs and, with a decrease of Vo,
according to the broken-line curve iahi and iala.
In this event, consequently, the threshold value is
not constant.

With a further increase of voltage Vs, rectifier
g2 is cut off. The control-grid of tube B2 is ne
longer coupled to the anode of tube Br and as-
sumes the constant potential of point 1. The
current ig: subsequently increases comparatively
slowly. Owing to the increase in voltage avop
across resistance R:, the efective voitage he-
tween the grid and the cathode of tube Bz, ana
consequently also the current iaz decreases. I
the resistance Ri has a high value, the slope of
the variation of ia: as a function of Ve is, in this
interval, approximately equal to half the mutual
conductance of cach of the tubes i ond Bo.

As soon as voltage Vo has increased to the value
Veo, at which the potential of point 2, le: i
voltage between the taping ¢ and the negaiiv
terminal of the battery, is equsal to the potenti
of point 1, rectifier g1 becomes conductive and the
feed-back factor is again unity. With a very
small increase of voltage Vo the action is similar
to that at the limiting value Ve and the voltage
at the control-grid of tube Bz drops to such an
extent that tube Bz is cut off and the anode cur-
rent of tube B: increases considerably.

The control-grid of tube B; follows the poten-
tial of point 3 and the potential increases very
rapidly. Tube Bs again becomes conductive and
relay TR is energized. The current ia: increases
very slowly, owing to the high resistance Ri1 in the
cathode circuit of tube Bi. The value of re-
sistance Ri is preferabiy high so that the control-
grid of tube B: does not carry grid-current at
the highest voltage Vo to be tested and the input
resistance of the circuit is substantially iniinitely
high.

The difference between the limiting values Ve
and Ve i. e. the limit width of the arrangement
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may be varied by means of the tapping & of bat-
tery Ba.

In the arrangement described, the relay TR is
only energized, if voltage Vo is lower than Ve or
exceeds Vg2, and the relay is not energized, if Vo
lies between the limiting values. The limiting
values are very sharply defined. It is obvious
that if the rectifiers g3 and g+ are connected in
opposite senses and the leakage resistance Rs is
connected to voltage source Vz instead of to volt-
age source Vi, point 4 will follow the lower of the
botentials of points 2 and 8. In this variant,
the tube B3 is conductive and relay TR energized
only, if Vo lies in the range between the limiting
values Vg1 and Vea.

The use of the battery B. as a coupling element
involves various practical disadvantages. The
battery has a fluctuating potential and every test
circuit requires a separsie battery. These dis-
advantages are avoided in the circuits shown in
Figs. 3,4 and 5.

The circuit shown in Fig. 8 resembles that of

Fig. 1 and corresponding elements bear the same
references. However, the manner in which the
control-grid of tube B; is coupled to the anode
circuit of tube B1 is different.

The control-grid of tube B is connected to 2
point 11 of a potentiometer Rs, Rig, Ru1, Rz con-
nected between voltage sources Vi and Vz. The
resistance Ruo is shunted by the series-connection
of rectifiers g1 and g2 and the anode of tube B
is connected to the junction point of the rectifiers.

Rectifier g2 is conductive when tube Bi1 is cut off,
hence when voltage Vo has a comparatively low
value. Upon an increase of voltage Vo to the

alue Vg1, B1 becomes conductive and the poten-
tial of the point 2 and = point 9 of the potentiom-
eter drops, so that the potential of the control-
grid of tube Bz also decreases. The feed-back
factor is now substantially unity and the anode
current ia: varies extremely steeply as a function
of voltage Vo, similarly as in the circuit shown in
Pig. 1, until the potential of point 2 has de-
creased to such an extent that rectifier g2 is cut
off. Rectifiers g1 and g2 are thus both cut off
and the control-grid of tube B: assumes a con-
stant potential which is determined by the ratio
in which potentiometer Rs, Rio, Rz and Rig is
divided by the point I1. The anode currents ia:

and faz then vary comparatively slowly. Upon &

an increase of voltage Vo to the value Vg2 the
botential of point 2 has decreased to a value equal
to the potential of point {8, provided the rectifiers
g1 and g2 are both cut off. Upon a further in-
crease of voltage Vo, rectifier g1 becomes conduc-
tive, due to which the potential of point {9 fol-
lows that of point 2.

The feed-back factor is now again substantially
unity. If rectifier g1 is conductive, the feed-back
factor is naturally not exactly egual to that when
rectifier g2 is conductive. If, however, the value
of resistance Ruo is low with respect to the sum
of resistances Rui, Riz the difference is prac-
tically negligible.

In the device shown in Fig, 4, use is made of a
trigger circuit in which the control-electrode of
each of the tubes B: and Bz are coupled to an out-
put circuit of the other tube.

The screen-grid of tube Bi is connected to a
tapping 13 of a potentiometer RisRie connected
between the anode of tube Bi and the voltage
source Vi.

Between the anode of tube B and the source
Vi is connected a potentiometer Ri7R1sR1s, of
which resistance Ris is shunted by the series-
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connection of rectifiers g1 and ga2. 'The control-
grid of tube B: is connected to the Junction point
6 of these rectifiers and is furthermore connected
through resistance R4 to point 7 of the potentiom-
eter RsR7 connected between the sources Vi and
Vz. The cathode leads of the tubes Bi and Bz
comprise resistances Rz and Ra4, respectively,
which may sometimes be dispensed with. The
anodes are fed through resistances R: and Ra3,
respectively. The test voltage Vo is supplied to
the control-grid of tube Bi. Similarly to the cir-
cuits shown in Figs. 1 and 3, the output voltage
is taken from point 4 which is coupled, through
rectifiers gs and g¢s, to the anodes of tubes B

" and Ba.

The control-grid of the auxiliary tube B, the
anode circuit of which comprises the relay TR,
is connected to point 16 of a potentiometer RaoRa1
connected between point 4 and source V.

The cathode lead of tube B; comprises a re-
sistance Ras. At a comparatively high value of
potential Vo, tube B: is cut off and points 2 and
4 have a potential substantially equal to source
Vz. Tube Bs is then conducting, relay TR is
energized, and point 15 has a potential which
exceeds the constant potential of point 7.

In this case, the rectifier gz is conductive and
the control-grid of tube Bz has 3 potential at
which the tube is conductive. The potential of
the anode of tube B3 and consequently of the
screen-grid of tube Bi is comparatively high and
the rectifier gs is cut off. " If the voltage Vo is
caused to increase, tube B: becomes conductive
at a definite limiting voltage Vat. Due to this,
the potential of the control-grid of tube Bz de-
creases, so that the potentials of the anode of
tube Bz and of the screen-grid of tube B increase.
The increase of the voltage Vo is thus supported
by the increase in screen-grid potential of tube
Bi. The elements are such that the feed-back
factor is practically unity, so that in the conduc-
tive state of the two tubes B; and Bz and of the
rectifier g1 or g2, a very small variation of voltage
Vo produces a great variation of the emission cur-
rent of tube Bi.

Owing to the sharp drop of potential of point 2,
tube Bs is cut off ang relay TR is de-energized.

Upon a further extremely small increase of Vo,
the voltage at point 15 drops below the potential
of point T and the rectifier g2 becomes conductive.
In the next following voltage range of voltage Vo,
the control-grid of tube B assumes the constant
value of point 7. Consequently, the current flow-
ing through the tube B: remains constant, as
does the screen-grid potential of tube B;.

The emission-current of tube B: slowly in-
creases with an increase of voltage Vo, the slope
being primarily determined by resistance Res in
the cathode lead. If voltage Vo has increased
to the value Vi, the potential of point 14 has
dropped to the voltage of point T and rectifier
g: becomes conductive,

Upon a further increase of voltage Vo, the po-
tential of point 6 drops below the potential of
point 1, so that the screen-grid potential of tube
B: increases. The feed-back factor is now again
unity and the anode voltage of tube B: increases
steeply with an inerease of voltage Vo, so that,
since rectifier g4 is now conductive and rectifier
g3 is cut off, tube B; becomes conductive and
relay TR is energized.

Consequently, relay TR only becomes de-ener-
gized if the test voltage Vo has a value between
the limiting values Ver and Vg, The voltage
Tange may be varied by varying the resistance
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Ris. It is desirable that the value of this resist-
ance should be low with respect to that of re-
sistance Rus, in order to ensure that. the .feed~
back factor has the same value, i. e..unity at
the limiting values Vg1 and Vi,

The circuit may be varied in several ways.
Thus, for instance, the method of coupling the
control-grid of tube Bz and the output circuit
of tube Bi, as shown in Fig. 4, may also be used
for the trigger circuit shown in Fig. 3, in which,
consequently, the coupling between the output
current of tube B: and the input control-circuit
of tube B: is established by the common resist-
ance Ri in the cathode leads. Conversely, the
method of coupling the control-grid of tube B:
and the anode circuit of tube Bi shown in Fig. 3
may be used for the trigger circuit shown in
Fig. 4. :

The output voltage of point 4 need not be
used to control a relay, but may alternatively be
supplied to a suitable indicator, for example &
Braun tube. Furthermore, a test relay may be
connected between outpub circuits of tubes B
and B, and the auxiliary tube Bs omitted. Such
a circuit is shown in Fig. 5, in which the trigger
circuit corresponds to that shown in Fig. 3.

However, instead of the anode, the screen-grid
of tube B: is connected to the common point of
rectifiers ¢1 and g2 A rectifying bridege built
up of four rectifiers gs, gs, g7 and gs is connected
between points 2 and 3. The output diagonal
of this bridge comprises the test relay TR he-
tween points 18 and 19. This circuit operates
similarly to that shown in Fig. 3.

At a low potential Vo, the tube Bi is cut off,
tube B: is conductive and relay TR is energized.
If voltage Vo increases and exceeds the limiting
value Ve, tube Bi hecomes conductive and the
current through tube Bz decreases. In the volt-,
age range between the values Ve and Ve, the
anode currents of tubes Bi and B: differ com-
paratively slightly, so that relay TR is de-ener-
gized. Tf the voltage Vo increases and exceeds
the valve Vg, the tube B: is cut off and relay
TR is energized.

Similarly to the circuits shown in Figs. 1, 3 and
4, the process is reversible if the feed-back fac-
tor is equal to or smaller than unity.

The rectifier-bridge g5 to gs serves to prevent
magnetic reversal of the relay TR and the relay
TR from becoming temporarily de-energized if,
in testing different voltages, voltages lying on
different sides of the threshold range are suc-
cessively supplied to the input terminal I.

It will be obvious that the circuits described
can be used not only for testing voltages but

also with advantage for other purposes, for ex-.
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ample, for.deriving. pulses with constant. ampli-
tudes from an alternating voltage. .

What I claim is: ‘ : o

1. A circuit-arrangement in which a control-
voltage is supplied to a control-clectrode of a
first discharge tube having an oulput cireuit cou-
pled aperiodically to a control-electrode of a sec-
ond discharge tube an outpub circuit of the sec-
ond tube being coupled apericdizally to an inpus
circuit of the first tube such that positive feed-
back occurs, the coupling cireuit between the oub-
put circuit of the first tube and the conurol-clee~
trode of the second tube comprising a parallel-
combination of two branches, each of which com-
prises a rectifier, the rectifiers Leing conductive
in opposite senses and having different ipiassing
voltages such that the fivst rectifisy is conductive
when the control-voltage exceeds a definite first
limiting value and the second rectifier is con-
ductive when the control-voltage is lower than a
definite second limiting value lowei n the frst
limiting value, the feed-back Tasto Laing sub-
stantially unity if one of the rectifiers and hoth
tubes are conductive.

9. A circuit-arrangement os claimed in clzim 1,
characierized in that a voltage divider is con-
nected between a point of the output cliouit of the
first discharge tube and a point of constant po-
tential, part of which voltage divider is shunted
by the series connection of two rectifiers, and the
junection point of the reciifiers is connected to
the controi-electrode of the second tube, this con-
trol-glectrode furthermore being connected,
through at least one resistance, to a noint of con-
stant potential. )

3. A circuit-arrangement, as set forth in claim
1, wherein saig parallel combination of two
branches comprises a voltage divider connected
between two points of potential, the rectifier of
one branch being connected between a first tap
on said divider and the outputl civcuit of said
first tube, the rectifier of the other braneh belig
connected in opposing polarity rzlative to the
Arst rectifier between a second tap on said divider
and the output circuit of said first tube, the con-
trol eiectrode of said second tube being connected
to a third tap on said divider.

4. A circuit-arrangement, as set forth in claim
1, further including a pair of rectifying clements
connected in series opposition between a point
in the output circuit of the first tube and a cor-
responding point in the output circuit of the
second tube, and means connected to the june-
tion of said elements to derive a control veltage
therefrom.

ROBERT BERTOLD BUCHNER.
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