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1

My invention relates to mixing circuits in gen-
eral and more particularly to non-linear mixers.

In linear or current source types of mixers the
amplitudes of the variocus energy waves are
additive, and the output wave form of these
circuits is the algebraic sum of the inputs.
For example, if a square wave is “mixed” with a
pulse or narrow gate in such a circuit, the flat top
of the resultant output square wave will be dis-
torted in amplitude to the extent of the amplitude
of the pulse or gate.

In some applications it is desirable that the sig-
nals shall be combined non-linearly; that is, in
the example taken above, the flat top of the square
wave shall be distorted by the pulse only to the
extent that the latter’s amplitude exceeds a volt-
age in the vicinity of that of the square wave.

In other applications, it is necessary to vary the
datum of one component of the output or mixed
wave without affecting: the amplitude of another
component. Thus, if two signals are to be mixed
for application to the grid of a.cathode ray oscillo-
scope, one of which is a square wave and the other
a pulse, it may be desirable to set the pulse height
or spot for a certain brilliance and variably set the
brilliance of the background noise represented by
the square wave. This cannot be accomplished in
a linear mixer, since the pulse height would: be in-
creased with an increased setting of the square
wave, the grid of the cathode ray tube would be
driven positive, the . spot would be excessively
bright, and defocusing would result.

Accordingly, it is.an object of my invention to
provide & non-linear mixing -circuit.

1t is also an object of my invention to provide a
mixing circuit in which only.a portion of-one signal
is mixed with another.

I also wish to provide, as one: of the objects of
my invention, a mixing circuit which gives a
closer approach to a relay type of operation than
do prior art circuits.

As another object of my invention, I wish to
provide a mixing circuit having a plurality of
electrenic discharge devices arranged to receive
the signals to be mixed, the electron discharge
devices being connected together through a com-
mon cathode and common anode resistor across
either of which the output of the circuit may be
taken. '

Another purpose of my invention is to provide a
mixing eircuit in. which a plurality of non-linear
mixing elements are so connected that the ampli-
tude of a signal produced by one of them will not
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signals of appreciably lesser amplitude. produced
by the other elements.

A still further object of my invention is to pro-
vide a mixing circuit. having a plurality of elec~
tronic discharge devices arranged to receive the
signals to be mixed, the devices being tied together
through s common cathode resistor across which
the output voltage is developed.

Still another purpose of my invention is to pro-
vide a mixing circuit in which a selected portion
of one signal may be mixed with one or a group
of other signals.

Yet another purpose of my invention is to pro-
vide a mixing circuit in which the datum of one
signal taken as a reference may be variably con-
trolled to selectively determine a  portion of
another signal to be mixed with it.

A still further object of my invention is to pro-
vide a mixing circuit in which a plurality of ther-
mionic elements are tied together through a com-~
mon cathode resistor, said elements having. con-

nected in their anode and control circuits certain

parameters for supplying various biasing voltages
to .the respective elements.

These and other objects will become apparent
as the description proceeds.

-In carrying out.my invention in-a preferred em-
bodiment thereof, I provide a number of non-
linear mixing elements, such as. electronic valves
or -vacuum tubes, the number of which is de-
termined by the number of signals to be mixed.
The. control electrode of each element is con-
nected to receive one of the signal voltages, and
the anode electrodes of all the elements are tied

35 together and connected to a positive energy source,
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directly or through a common anode resistor. The
cathodes of all of the elements. are likewise tied
together and connected to ground through a com-
mon cathode resistor. The output is taken acroess
either the common cathode or common anode re-
sistor, devending upon the desired polarity of the
output signal.

When- thus connected, the circuit is primarily
controlled by the signal of greatest amplitude, and
such a signal, reproduced as a component in the
output wave, is not distorted by any other of the
signals received by the other tube elements so
Iong as their respective amplitudes remain ap-
preciably smaller. When the tube receiving such
a signal becomes conducting under the. influence
of a sufficiently large signal, all of the other mixing
elements in the circuit are automatically biased
to cut-off and remain so until their grids are
driven sufficiently positive by their respective in-

be. distorted, as a.component of the output, by §5 coming signals to render the respective mixing ele-
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ments conducting, and to this extent only is the
signal so received additive to the signal received
by the element previously conducting.

In one of the modifications of my invention, I
connect a voltage divider across the common
cathode resistor of the circuit to which is con-
nected the control electrode of one or more of
the mixing elements. The other tubes of the cir-
cuit, whose cathodes are grounded through the
common load resistor, are thus biased to cut-off
when no signals are being received, thereby caus-
ing the heights of the components in the output
wave attributable to the signals received by the
conducting elements to be increased with respect
to those produced by the cut-off biased elements.
By making the arms of the voltage divider ad-
justable, or by placing a series resistor in one or
more of the anode leads, it is possible to control
the relative heights of the various wave com-
ponents.

In another embodiment of my invention, I pro-
vide the common cathode resistor of the circuit
with a tap point to which one or more of the con-
trol electrodes of the various mixing elements are
connected, the control electrodes of the other ele-
ments being grounded. Under such an arrange-
ment, the elements having grounded control elec-
trodes are biased to cut-off and portions only of
the signals received by them are mixed into the
common output impedance. Here again the por-
toin of the signals mixed may be varied by mak-
ing the component resistances forming the cath-
ode resistor variable,

A more comprehensive understanding of my
invention will be afforded from the following de-
tailed description when taken together with the
accompanying drawing, in which,

Fig. 1 is a schematic circuit diagram of an em-
bodiment of my invention;

PFigs. 2 and 3 are circuit diagrams showing
modified forms of my invention; while

Fig. 4 depicts graphically, representative wave
forms which may be combined in the circuits
shown in Figs. 1 and 2, and the resultant wave
form output, illustrative of their operation.

Like reference nuinerals have been used
throughout in the drawing to designate like parts.

In the embodiment illustrated in Fig. 1, I pro-
vide a plurality of input terminals A, B, C and D,
upon which are impressed the signals to be mixed.
These terminals are respectively connected to
grids 16, 11, 12 and {3 of electronic discharge de-
vices 14, i5, 16 and {7, which may take the form
of triodes. Anodes 18, 19, 21 and 22 of these de-
vices are tied together by a common bus 23 and
are connected to positive energy source 24, di-
rectly or through a common anode resistor 8, de-
pending upon the position of the arm of a two-
way switch 7. In like manner, cathodes 25, 26, 27
and 28 are tied together by a bus 29 and connect-
ed to ground through a common cathode resistor
39. The grid circuit of each element is provided
with a coupling condenser and biasing resistor
such as the capacitor 8! and resistor 22 connect-
ed in the grid circuit of element i7.

In the embodiment of my invention shown in
Fig. 2, the elements {4, {5, 16 and {7 are connect-
ed as illustrated in Fig. 1 with the following ex-
ceptions. A series resistor 3, having a shorting
switch 4 in parallel therewith, is connected in the
anode lead of the tube {7. Across the cathode
resistor 30, a voltage divider 33 is connected, com-~
prising variable resistors 34 and 85 having a tap
point 36. Grids (! and 12 of elements {5 and 16,
respectively, are connected through grid resistors
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to the tap point 36 of voltage divider 33 rather
than to ground, as illustrated in Fig. 1. Also, a
series resistor 9 is placed in the input connection
to grid {1 of element 15. Common anode resistor
8 and switch 7 are omitted, although they may be
used in this or any other embodiment of my in-
vention, as desired.

In the form illustrated in Fig. 3, I show a circuit
of two elements only, such as elements {5 and 16
of the circuit illustrated in Fig. 2, with the voltage
divider 33 of that circuit connected as the com-
mon resistor. To the tap point 36 I connect the
control grid I{ of element 15 through a potenti-
ometer 38. Grid {2 of element {8 is connected to
ground through a potentiometer 39 rather than
to tap point 86 through a resistor as illustrated
in Fig. 2.

In operabion four signals, such as those illus-
trated as A’, B’, C’, and D’ in Fig. 4, are respec-
tively impressed upon the terminals A, B, C, and
D of the circuit illustrated in Fig. 1, and the out-
pub of the circuit is selectively taken from the
connecting point 20 across resistor 30, or from
point 40 across resistor 8, for delivery to any load
such as an oscilloscope. Within this circuit the
various wave forms are combined in a novel man-
ner which will now be described, to give an out-
put such as that shown.

Of the signal voltages impressed upon the input
terminals of the circuit, that one which is pre-
dominantly the greatest in amplitude is control-
ling and remains so until the amplitude of one of
the signals received by the other elements exceeds
the cut-off value of that element. Thus, for the
signals illustrated, the positive rise of signal B’
drives grid i { of element {5 positive, thereby car-
rying all the cathodes positive and so biasing ele~
ments 18, 18 and {7 as to reduce or cut-off anode
current therethrough.

Shortly after signal B’ begins to fall, grid {0 of
element 14 receives signal A’ which is greater in
amplitude than the corresponding time point of
B’ and tube 14 is driven above cut-off and be-
comes conducting. As the potential of its eath-
ode 25 goes up element 15 is biased to cut-off as
are elements (6 and {7, and tube {4 takes control.

In sequence, signal C” gives control to element
{8 and signal D’ to element {7 as their respec-
tive amplitudes exceed that of the signal on the
then conducting element, and a signal E’ or
F is produced as the output, depending on
the point from which it is taken.

If taken from point 20, across resistor 38, B’
represents the output, and ¥, if taken from point
48, across resistor 8. For selecting the polarity
of the output, switch T is provided. When it
is desired to take the signal from point 20,
switeh T is closed to contact 5 and resistor 8 is
cut out of the circuit. When closed to contact
§, switech 7 causes resistor 8 to become opera-
tive in the ecircuit, and a signal such as F' may
be taken from point 40.

Control of the relative heights of the com-
ponents of the output waves is effected by ad-
justing the variable resistors 34 and 35 of voltage
divider 33, or, with regard to signal D’, by cpen-
ing or closing shorting switch 4. TUnder the last-
mentioned control operation, series resistor 3 is
selectively placed in or out of the circuit. Rither
of these methods of control results in a change
in bias on the various tubes; these methods
may be used separately or conjunctively.

The advantages of this circuit are thus made
clear, since it is apparent that any variations in
signals B’, C’ and D’, during the period in which
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-signal A’-is-flat-topped, .do ‘not: appear as:com-
ponents of the output wave, such as they would
“in -g Jlinear-mixer, .so'long asthey .are-appre-
-ciably :smaller :in ~amplitude. -Also, :if 'a pulse

such as C’ is to be.added. above: the flat-top of .

signal A’, it’is-mecessary only to consider the
shape of C’ in the region at the peak of the
pulse. Further, that component 42 of the out-
:put :wave, attributable : to -signal C’,- is -not a
function of the magnitude of signal A’ but is
independent . therefrem,. provided..signal C’ ex-
ceeds gignal A’ by an appreciable margin.
Hence, the pulse height-of- C’ and the square
-wave-height-of -A’ -may be:determined by-sepa~
rate controls -and each one varied without af-
fecting the other.

In addition, the -above-described circuit pro-
vides a closer approach to a relay type.of oper-
ation than does conventional plate current mix-
ing. For example, when tube (4 is conducting,
its equivalent variational impedance as a gen-
erator working into the common load is very
low compared to the load impedance, being ap-
proximately equal to the reciprocal of the sum
of tube transconductance and tube plate con-
ductance, each of which is a function of the
current through the tube.

These conductances are zero when the tube is
cut off and increase rapidly when grid 18 is
brought to a potential sufficient to make the
element conducting. As the current through the
tube increases the voltage across resistor 38 in-
creases and for the above described sequence of
operation, the current through triode {3 decreases.
This in turn reduces the impedance of tube 15 as
a generator working into the common load 22,
until the continuance of this sequence causes
tube 15 to be cut off entirely. The time required
for this switching operation, which is a function
of the non-linearity of the generator impedance
is comparatively short, and, depending upon the
amplification factor of the elements used, ap-
proaches that of relay action.

In the embodiment of my invention illustrate
in Fig. 2, grids 11 and {2 of elements {5 and
{6 are connected through grid resistors to a
voltage divider across the cathode resistor 38.
Thus, when no sighals are being received by the
circuit, elements 184 and {7 are biased beyond
cut-off at the start.
signals of Fig. 4 be taken as examples, a larger
voltage of signals A’ and D', respectively, will
be required to drive tubes {4 and (T above cut-
off and hence the component of the output wave
attributable to them will be smaller.
this increases the height of the output compen-
ent 42 due to C’ with respect to the components
due to A’ and D’.

A series resistor 9 is placed in the grid circuit
of element 5 to limit the output voltage to the
value which results when grid (1 begins to draw
current. The flow of current through resistor
§ produces a voltage drop which tends to pre-
vent further voltage rise of grid {1 and cathode
26 beyond this point.

Fig. 3 illustrates a third medification of my
invention, embodying a novel mode of operation
in which one of the mixing elements (8§ is biased
to cut-off to control the height of the output
component due to the signal received by it. In
this embodiment, series cathode resistors 34 and
35 serve to fix an intermediate voltage tap 36
and also function as the entire cathode to ground
resistor.

Consequently, and if the !

In effect
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“Thus, with reference to Fig. 3, when no-signal
is being received by either of the grids-{f or-12,
element 1§ is cut off, due to the bias provided. by
the voltage drop acress resistors 34 and 85.
Assuming the pulse C’ of Fig. 4 is applied-to
grid 12 and the square wave A’ to grid (i, then
only that portion of C’-above cut~off will be
mixed into the common output impedance. By

.varying resistors 34 and 35 the height of -com-

ponent 42 attributable to.pulse C" with respect to
A’ may-be varied.

It-will be apparent to one skilled in the art, that
many modifications-of my invention -are possible
through various combinations of the control
arrangements described above,and that unlimited
possibilities-are available for increasing the num-
ver of signals to.be mixed by increasing the num-
ber. of mixing elements in the circuit.

Accordingly, it is intended that all matter-con-
tained in the above description or shown in the
accompanying drawing shall be interpreted as
{llustrative and not in a limiting sense, and that
the spirit and scope of my invention shall be
regarded as of such breadth as is defined by the
appended claims.

What is claimed is:

1. In a mixing circuit comprising a plurality
of electronic discharge devices each having anode,
cathode, and control electrodes, a common cath-
ode resistor for all of said electronic discharge
devices having a tap, means for connecting the
control electrode of at least one of said devices to
said tap, means for connecting the control elec-
trode of the remainder of said devices to ground,
and means for taking the output of said circuit
across said common cathode resistor.

2. An electronic mixing circuit comprising first
and second electronic discharge devices each
having anode, cathode, and control electrodes,
third and fourth electronic discharge devices
nhaving similar elecirodes, means for connecting
said anodes of said first, second, third and
fourth electronic discharge devices to a positive
source, means for connecting said cathode elec-

5 trodes of said electronic discharge devices to

ground through a common cathode resistor com-
prising a voltage divider, means for connecting
the control electrodes of said first and second elec-
tronic discharge devices to ground, and means for
connecting the control electrodes of said third and
fourth electronic discharge devices to said volt-
age divider.

3. A combined mixing and gating circuit for
receiving a plurality of input signals and pro-
viding an output voltage wherein the component
corresponding to one of said input signals is
dependent upon the strength of another of said
input signals, comprising a plurality of electronic
discharge elements having anode, cathode and
grid electrodes, means for impressing one of a
plurality of signals upon each of said grid elec-
trodes with respect to ground, common supply
means for maintaining at least two of said anode
electrocdes at the same pofential with respect to
ground, and means for degeneratively inter-
coupling said electronic discharge elements, said
last named means comprising a high-impedance
common cathode load for said elements in circuit
between their cathodes and ground, at least one
of said electronic discharge elements bheing con-
ditioned to develop across said common cathode
load, in respense to its grid electrode input signal,
a high voltage for biasihg another of said elec-
tronic discharge elements to a substantially un-

78 responsive condition.
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4. A combined mixing and gating eircuit for
receiving & plurality of input signals and pro-
viding a composite output voltage wherein the
component corresponding to one of said input
signals is dependent upon the strength of another
of said input signals, comprising a plurality of
electronic discharge elements having anode, cath-
ode and grid electrodes, input circuit means for
impressing upon each of said grid electrodes one
of a plurality of input signals, connecting means
between the anode electrodes of at least two of
said tubes for maintaining them at common
potential, and means for degeneratively inter-
coupling said electronic discharge elements, said
last named means comprising a high-impedance
common cathode load for said electronic dis-
charge elements, said load being included in the
input circuit of one of said electronic discharge
elements, another of said electronic discharge

8

elements being conditioned to develop across said
common cathode load, in response fo its grid

" electrode input signal, a high voltage for biasing
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said one electronic discharge element to a sub-
stantially unresponsive condition.
JAMES E. SHEPHERD.
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