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The present invention relates to electronic 
switches and, particularly, to such switches of the 
multiunit or multistage type used selectively to 
couple one or more signal sources to one or more 
output circuits. 

It is often desirable to provide an electronic 
switch by which any selected one of a plurality 
of signals may be coupled to a translating circuit, 
or to translating circuits individual to such skg 
nals, or in which one signal may be selectively 
coupled to any one of a plurality of translating 
circuits. While mechanical switches have been 
used for this purpose, an electronic switch has 
numerous advantages in many applications. Out 
standing among these advantages are its sub 
stantially instantaneous operation, the fact that 
it is controllable by a potential alone and thus 
requires no appreciable consumption of power in 
its control circuit, its stable and positive action, 
and its freedom from the many troubles which 
characterize the use of electrical contacts neces 
sarily used in mechanical switches. 

It is frequently desirable that a multistage elec 
tronic Swtich be provided with one control cir 
cuit by which selectively to control the several 
switching stages thereof. Where the electronic 
switch has a single control circuit for all stages, 
it is desirable that each switching stage be posi 
tively, stably, and selectively controlled by indi 
vidual values of a characteristic of a control sig 
nal or potential applied to the control circuit. 
In order that the Switch may be suitable for a 
wide variety of applications, it is desirable that 
the values of the control potential or signal which 
selectively control the switching stages thereof 
may occur in any desired order or may even oc 
cur in a random Order as the circumstances of the 
particular application demand. It is further de 
sirable that an electronic switch shal involve a 
minimum of circuit elements and apparatus, 
that it shall have a simple circuit arrangement, 
shall be inexpensive and adaptable to many and 
diverse applications, and that it shall be char 
acterized by stable and reliable operation over 
long periods of use. 

It is an object of the present invention, there 
fore, to provide a new and improved electronic 
switch of the type described. 

It is a further object of the invention to pro 
vide a new and improved electronic switch which 
possesses one or more of the desirable features 
heretofore specified. . 

. It is an additional object of the invention to 
provide an electronic switch of the multistage 
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2. 
ly controlled by individual amplitude values of 
a control potential and one wherein such values 
of the control potential may occur in any randon 
order as desired. 
În accordance with the invention, an electronic 

switch comprises a plurality of vacuum-tube 
switching stages each including an output cir 
cuit at which a signal translated by the stage is 
developed. The conductance characteristics of 
the stages depend primarily on the values of 
space. Currents of the aforesaid vacuum tubes. 
The electronic switch includes a signal input cir 
cuit for each of the stages, and means for apply 
ing to each of the stages a signal input having 
an effective amplitude varying over a predeter 
mined amplitude range, at least a portion of each 
of the signal input circuits being common to all 
of the stages. There is additionally included in 
the electronic switch means individual to the 
stages for controlling the conductance charac 
teristic of each stage thereof to render each of 
the stages responsive to individual portions of the 
amplitude range of the signal input, selectively 
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to translate the portion of the signal input lying 
within the aforesaid portions of the amplitude 
range, the last-mentioned means in at least one 
of the stages including means for rendering the 
One stage unresponsive to all amplitude values of 
the input signal different from the aforesaid por 
tion of the aforesaid amplitude range individual 
to the one of the stages. 

In accordance with a particular form of the 
invention, an electronic switch comprises a plu 
rality of vacuum-tube switching stages each in 
cluding an input circuit having a circuit portion 
adapted to have applied thereto a signal and each 
including an output circuit at which the signal is 
developed after translation through the aforesaid 
each stage. The conductance characteristics of 

40 the stages depend primarily on the values of 
Space currents of the vacuum tubes thereof. An 
other portion of the input circuits of the stages 
is common to all of the stages and is adapted to 
have applied thereto a control potential having 
selectively-variable amplitude values. The switch 
includes means individual to the stages for con 
trolling the conductance characteristics there 
of to render each of the stages responsive to at 
least individual amplitude values of the control 

50 potential, selectively to translate the applied sig 
nals from the input circuit to the output circuit 
associated therewith, the last-mentioned means 
in at least one of the stages including means for 
rendering the one of the stages unresponsive to 

type wherein the stages thereof may be selective- 55 all amplitude values of the control potential dif 
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ferent from the aforesaid amplitude value indi 
vidual to the one of the stages. 

For a better understanding of the present in 
vention, together with other and further objects 
thereof, reference is had to the following de- 5 
scription taken in connection with the accom 
panying drawings, and its Scope will be pointed 
out in the appended claims. 

Referring now to the drawings, Fig. 1 is a cir 
cuit diagram, partly schematic, of a complete 
electronic switch embodying the invention; Figs. 
2, 3, and 4 are graphs used as an aid in explain 
ing the operation of the invention; and Figs. 5 
and 6 are circuit diagrams of electronic switches 
embodying modified forms of the invention. 

Referring more particularly to Fig. 1 of the 
drawings, there is represented a complete elec 
tronic switch embodying the present invention 
in an arrangement having numerous applications 
as will hereinafter be pointed out in greater de 
tail. This electronic switch comprises several 
units; namely, an electronic switch unit per se, 
designated by the reference numeral , a step 
voltage generating unit if, and a periodic-pulse 
generating unit 2. Briefly considered, it is the 
purpose of the unit 2 to generate a periodic po 
tential of pulse wave form which is applied to 
an input circuit of the generator . The latter 
derives from this periodic potential another peri 
odic potential the amplitude values of which in 
crease by successive steps during each period 
thereof. This step voltage is applied to a con 
trol circuit. of the electronic-switching unit 
to cause the Switching stages thereof to be suc 
cessively and periodically controlled, thereby suc 
cessively to translate a plurality of signals, indi 
vidually applied to the Switching stages of this 
unit, to individual ones of a plurality of output 
circuits of the electronic switch. 
Considering first the detailed circuit arrange 

ment of the electronic switch 0, this unit con 
prises a plurality of vacuum-tube switching 
stages 3-7, inclusive, only the detailed circuit 
arrangement of the stages 3 and f being shown 
for purposes of simplicity, it being understood 
that all of the stages 3-7, inclusive, are similar 
and include similar circuit elements in a similar Each such switching stage circuit arrangement. 
includes a vacuum tube B having a contro elec 
trode 9, a screen electrode 20, and an anode 2. 
Each stage also includes an input circuit coupled 
to the control electrode 9. This input circuit 
has a circuit portion, comprising the input or 
control-voltage circuit terminals 22, 23 of the 
electronic switch do, common to all of the switch 
ing stages and has another circuit portion indi 
vidual to each of the switching stages and adapt 
ed to have a signal applied thereto. Such indi 
-vidual circuit portion of the input circuit com 
prises the cathode circuit of vacuum tube 
and includes a winding 24 and a source of op 
erating bias comprising a battery 25 connected 
in Series between the Cathode of vacuum tube . 
8 and ground. There is coupled to the winding 
24 a winding 26 which is connected to the input 
circuit terminals 2, 28 adapted to have applied 
thereto a signal which is to be translated through 
the switching stage associated therewith. Each 
of the switching stages also includes an output 
circuit comprising output circuit terminals 29, 
to which the signal individual to each stage is 
applied after translation through each such stage. 
The input or control circuit terminals 22, 23 

of the electronic switch 0 are adapted to have 
applied thereto a control potential having selec 

4. 
tively-variable amplitude values. The electronic 
switch includes means individual to the switch 
ing stages thereof for controlling the conductance 
characteristic of each such stage to render each 
of the stages responsive only to at least individual 
amplitude values of the control potential, selec 
tively to translate the applied signals from the 
input circuit to the output circuit associated 
therewith. This means comprises a load imped 

10 ance or load resistor 3 of relatively high value, 
for example of the order of one-half to one meg 
ohm, included in the output circuit of the vacuum 
tube 8 between the anode 2 thereof and a source 
of space current indicated as --B. The last 

5 named means also comprises a source of operat 
ing bias indicated as --Sc for the screen electrode 
20 of vacuum tube 8, the relative value of the 
Operating potential of screen electrode 20 being 
critically proportioned in a manner presently to 
be explained, and effectively includes the bat 
tery 25 in the cathode circuit of the vacuum 
tube , the voltage of this battery also having 
a critical value as will presently be apparent. 
In the event that it is desirable in some appli 
cation to use the unit alone, provision must 
be made for completing a direct current path 
from the control electrode 9 to ground. This 
path normally will be competed through the 
external control circuit which is connected to 
the control circuit terminals 22, 23, as in the ar 
rangement of Fig. 1. However, where this is not 
the case, a resistor R, indicated in broken lines 
for the reason that it may be comprised in whole 
or in part by the resistance of the external con 
trol circuit, is connected across the control circuit 
terminals 22, 23. 
The periodic-pulse generator 2 is of the con 

ventional blocking-oscillator type and includes a 
vacuum tube 32 and a transformer 33 having a 
primary winding 34 included in the output circuit 
of the vacuum tube 32, and a secondary winding 

included in the input circuit of this vacuum 
tube. The input circuit of tube 32 additionally 
includes a grid resistor 3, a grid condenser 37, 

45 and a resistor 38, the latter being connected in 
series with the transformer winding 35 and be 
ing coupled to a synchronizing-signal input cir 
cuit comprising terminals 9, 4. A cathode re 
sistor 4 is included in the output circuit of vac 
uum tube 32 and a periodic potential of pulse. 
wave form developed across this resistor is ap 
plied through the output circuit terminals 42, 43 
to the input circuit terminals 44, 4S, respectively, 
of the step-voltage generating unit . Unit 2 
in the Fig. 1 arrangement may be used for sev 
eral purposes; for example, to provide a periodic 
potential of pulse wave form which is necessary 
to derive the step potential generated by the unit 

or, when the Fig. 1 arrangement is used as a 
counter system by which to count the number 

60 of pulses in a synchronizing signal applied to its 
input circuit terminals 3, 4 of unit 2, this unit 
may be used as a frequency divider wherein the 
frequency of the periodic potential generated by 
unit 12 will be a selected sub-multiple of the fre 65 quency of the periodic potential applied to its 
input circuitterminals 39, 40. The step-voltage generator if includes a 
vacuum-tube repeater 4 having input electrodes 
coupled to the input circuit terminals 44, 45 of 

70 this unit and output electrodes coupled to a pair 
of rectifer devices 4, 48 which are connected in 
parallel with each other with opposite polarities. 
There is included in circuit with the rectifier 
device 48 a condenser 9 across which the step 

75 voltage is derived. . A second vacuum-tube re 
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peater 50, has its input electrodes coupled across 
the condenser 49 and includes an output circuit 
comprising a cathode resistor 5 which is coupled 
to the output circuit terminals 52, 53 of unit . 
In the operation of unit (, it is necessary periodi 

- cally to discharge the condenser 49 to reduce its 
voltage substantially to zero. There is provided 
in unit i for this purpose a transformer 5 hav 
ing a winding 55 coupled across cathode resistor 
5 and a secondary winding 56 which is coupled 
to the input electrodes of a vacuum tube 57. The 
control electrode of vacuum tube 5 is negatively 
biased from a source of potential 58. The anode 
and cathode elements of vacuum tube 5 are con 
nected directly across the condenser 49. 
In considering the operation of the Fig. 1 ar 

rangement, the operation of the electronic switch 
unit O will first be considered and reference will 
be made to the curves of Figs. 2 and 3 for that 
purpose. Considering specifically the Operation 
of one of the switching stages, for example the 
stage 3, it has been found that when the operat 
ing bias applied to the screen electrode 20 of the 
vacuum tube 8 is maintained Constant at a given 
value, the use of a large value of resistance for 
the load resistor 3 has the effect that, over a 
wide range of control potentials applied from the 
control circuit terminals 22, 23 to the control 
electrode 9 of tube i8, the anode current of this 
tube starts from anode current cutoff, determined 
by the value of voltage of battery 25, and in 
creases rapidly to a value at which no further 
increase is experienced. 
characteristic is represented by curve A of Fig. 2. 
Anode current cutoff occurs when the control 
potential has any value less than e1, lesser values 
of potential being insufficient to overcome the 
bias of battery 25, and the anode current has a 
large constant value when the control potential 
has any value larger than e2. The fact that the 
anode current of tube 8 becomes constant for 
any value of the control potential larger than 
the value ea is due to two factors. The first of 
these relates to the large voltage drop which the 
anode current produces across the load resistor 
3 by virtue of the large value of resistance of 
the latter with the result that little or no voltage 
is applied to the anode 2 of tube 8 when the 
anode current becomes large. The second factor 
relates to the fact that the screen electrode has 
applied thereto a positive potential having a 
relatively high and constant value with the re 
sult that as the anode potential decreases due to 
increasing magnitudes of the potential drop 
across the resistor 3, the screen electrode tends 
to collect larger quantities of the electrons 
emitted by the cathode of tube 8 and ultimately 
collects completely any additional electrons emit 
ted by the cathode. The particular value e2 of 
the control potential which causes the anode cur 
rent to become constant is thus determined both 
by the value of the load resistor 3 and by the 
value of the potential applied to the Screen elec 
trode 20. 

It will be seen from curve A that the anode 
current of the vacuum tube f8 changes over the 
range e1-e2 of the control potential, that is, to 
individual amplitude values thereof, but that the 
anode current has a relatively constant value for 
amplitude values of the control potential above 
this range and a substantially Zero value for 
amplitude values below such range. Bearing in 
mind that the anode potential of tube 8 de 
creases with increasing values of its anode cur 
rent due to the load resistor 3, the slope of 

This anode Current 
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6 
curve A at any given point cannot be used to 
give the exact value of transconductance of tube 
f8 at that point but is useful as an indication or 
measure of the transconductance. The broken 
line curve B of Fig. 2 represents the manner in 
which the transconductance of the vacuum tube 
8 varies with the control potential. It will be 

seen from curve B that the vacuum tube 8 has 
relatively high transconductance, and thus has a 
relatively high repeating ratio, at substantially 
one individual amplitude value e3 of the control 
potential and has relatively low transconductance 
for amplitude values substantially different there 
from. 
The value of control potential at which the 

vacuum tube 8 has high transconductance may 
be varied over a wide range by proportioning the 
values of the biasing battery 25, the value of the 
operating bias applied to the screen electrode 20, 
and the value of resistance of the load resistor 3. 
In practice, these values are so proportioned that 
each of the switching stages 3-7, inclusive, has 
high transconductance only at one individual am 
plitude value of the control potential, as repre 
sented by the curves of Fig. 3, wherein the curves 
A1, A2, A3, A4, A5 represent the transconductance 
characteristic of the respective switching stages 
3-, inclusive. Only the switching stage 3 is 
this responsive to the Zero amplitude value of the 
control potential and is effective for this value 
of the control potential to translate the signal ap 
plied to its input circuit terminals 27, 28 to its out 
put circuit terminals 29, 30. When the control 
potential has the amplitude value e4, the switching 
stage f3 is no longer responsive to the control po 
tential, and hence the signal individually applied 
thereto is not translated to its output circuit ter 
minals 29, 30. On the other hand, the switching 
stage f4 is responsive to this value of the control 
potential and is effective to translate the signal 
applied to its input circuit terminals 27, 28 to its 
output circuit terminals 29, 30. In similar man 
ner, the switching stages 5, 6 and are re 
sponsive to individual amplitude values e5, e6 and 

45 et, respectively, of the control potential selec 
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tively to translate the signals individually applied 
thereto from the input circuit to the output cir 
cuit aSSO-ciated thereWith. 

It will be evident that the individual amplitude 
Values of the control potential at Which the 
switching stages 3-7, inclusive, are responsive 
may occur in any random order. For example, if 
the Control potential during a given interval has 
the successive amplitude values 0, en, e5, e6, e4, the 
Switching stages are rendered responsive in the 
corresponding order 3, 7, 5, 6 and 4. How 
ever, in the particular arrangement shown in Fig. 
1, the switching stages 3-7, inclusive, are 
adapted to be rendered successively operative by 
a control potential applied to the control circuit 
terminals 22, 23 of unit f0, from the unit i I, hav 
ing amplitude values which increase by Successive 
steps. The manner in which this step voltage is 
produced will now be considered. 
Consider first the operation of the periodic-po 

tential generator 2. In the absence of a poten 
tial applied to its Synchronizing circuit terminals 
39, 40, a periodic potential of pulse wave form, 
represented by curve C of Fig. 4, is developed 
across the cathode resistor 4 by a blocking-oscil 
lator action well Understood in the art. This Op 
eration, briefly, is as follows: Starting at the time 
when the anode current of vacuum tube 32 just 
begins to increase, a voltage is induced in the 
winding 35 of the transformer 33 which drives the 



- 7 - 

grid of vacuum tube 32 in a positive direction. 
The anode current thereupon increases yet fur 
ther with the result that a corresponding increase 
occurs in the positive potential applied to the 
control electrode. This action is cumulative until 
the anode current of vacuum tube 32 reaches a 
saturation value. . 
During the time when the anode current is 

thus increasing, the condenser 37 is charged by 
grid rectification. When the anode current of 
tube 32 reaches a constant value, a voltage is no 
longer induced in the winding 35 of the trans 
former 33 and the charge of the condenser 37 is . 
effective to place a large negative bias upon the 
control electrode of tube 32, whereby the latter 
is biased to anode current cutoff. This action oc 
curs very quickly since decreasing values of anode 
current induce a voltage in the winding 35 which 
drives the control electrode of tube 32 to an even 
higher negative potential. After a time interval, 
depending upon the time constant of condenser 3 
and resistor 36, the charge leaks off of the con 
denser. 37, anode current again begins to flow in 
the vacuum tube 32, and the cycle previously de 
scribed is repeated. * . 
The anode current of tube 32 flows through the 

cathode resistor 4 to develop thereacross the de 
sired periodic potential. The period of this peri 
odic potential is thus determined by the time con 
stant of the condenser 37 and resistor 36 and may 
be made slightly longer than the period of a syn 
chronizing signal applied to the input circuit ter 
minals 39, 40, in order that the synchronizing 
signal may control in conventional manner the 
period of this potential, or may be made a mul 
tiple number of periods of the synchronizing sig 
nal, as desired. The periodic potential developed 
across the cathode resistor 4 f is applied through 
the output circuit terminals 42, 43 to the input 
circuit terminals 44, 45 of the step-voltage gen 
erator ( . 
The periodic potential pulses applied to the ina 

put circuit terminals 44, 45 of unit are repeated 
by the vacuum-tube repeater 46 thereof and are 
applied to the rectifier devices 47 and 48. The 
rectifier device 48 conducts during the positive 
portions of the periodic potential applied thereto 
to charge the condenser 49 by a finite value to 
produce for each pulse of the periodic potential 
one step of the desired step potential. The rec 
tifier device 47 conducts during the negative por 

asP * apsk. 

- 

tion of the applied periodic potential to preserve. 
at the rectifier devices 47 and 48 the electrical axis 
of the periodic potential. 
The wave form of the desired step potential is 

represented by the curve D of Fig. 4 and it will 
be seen that the amplitude values of this voltage 
successively increase through a desired number 
of steps, for example five. At the end of the 
last such step, the potential across the condenser 
49 must be reduced to zero. This is effected 
by the discharge vacuum tube 57 in the following 
manner. The potential developed across the 
condenser 49 is repeated by the vacuum tube 50 
to the cathode resistor 5 thereof and is also 
applied between to the anode and Cathode of 
the discharge vacuum tube 57. Increases in 
value of the step potential developed across the 
cathode resistor 5 of tube 50 are applied as 
small negative pulses through the transformer 
54 to the control electrode of the vacuum tube 
57, but have no effect since the latter is biased 
by the battery 58 to a value such that tube 57 
becomes conductive Only when its anode poten 
tial, developed across the condenser 49, becomes 

0. 

°418440 
slightly larger than the value of the last desired 
step of the step potential. Tube 5 upon be 
coming conductive starts to discharge the Con 
denser 49 which, of course, reduces the poten 

5 tial developed across cathode resistor 5 of tube 
S. and causes a positive pulse to be applied 
through the transformer 54 to the control elec 
trode of tube B, thus tending to increase the 
anode current of tube 57 even more. This ac 
tion is cumulative to drive the control electrode 
of tube S7 so far positive that this tube has a 
very low value of conductance, thus causing tube 
57 substantially instantly and completely to dis 
charge the conderser 49. When this has oc 
curred, the voltage developed across the cathode 
resistor 5 of tube 59 assumes a steady-state 
value and no voltage is thereafter applied through 
the transformer 54 to the control electrode of 
vacuum tube 57. The latter thereupon again 
becomes nonconductive due to the bias applied 
to its control electrode from battery 58, and 
the cycle is repeated. 
The step potential thus developed across 

cathode resistor 5 of vacuum tube 50 is applied 
through the output circuit terminals 52, 53 of 
unit to the input circuit or control circuit 
terminals 22, 23 of unit 0 to cause the switch 
ing stages 3-7, inclusive, thereof to become suc 
cessively operative in the manner previously 
described. 
While the units 0, , and f2 are shown in 

Fig. 1 as being interconnected, it will be evident 
that the switching unit 0 may be used alone, 
in which event a suitable control potential having 
selectively-variable amplitude values is applied 
to its control circuit terminals 22, 23 selectively 
to render the Switching stages f3-7, inclusive, 
operative in the manner described. On the 
other hand, the units and may alone be 
used together as a Counter System for counting 
the number of pulses, for example, of a periodic 
pulse potential applied to the input circuit ter 
minals 44, 45 of the unit . The units 10, 
and 2 have a useful application as a counter 

45 system for measuring the number of pulses of 
a periodic-pulse potential applied to the input 
circuit terminals 39, 40 of unit 2 and, when 
so used, the number of pulses indicated by the 
System may be the exact number of pulses of 

50 the applied potential or a sub-multiple number 
thereof, as desired. 
The foregoing description of the switching unit 

f O may seem to indicate that the switching stages 
3-7, inclusive, thereof can only be responsive 

55 to such Widely-Spaced individual amplitude values 
of the control potential applied to the control 
circuit terminals 22, 23 that there are values 
of the control potential at which all of the switch 
ing stages have substantially Zero transconduct 

60 ance. However, this is not the case, for it will 
be evident that the circuit constants of the 
switching stages may be so adjusted and propor 
tioned, if desired, that two or more of the switch 
ing stages have maximum response to the same 

65 given amplitude value of the control potential 
or, alternatively, two of the stages may have 
overlapping transconductance characteristics. 
Where two such stages have overlapping trans 
conductance characteristics as last suggested, 

70 each will have maximum response to an individ 
ual. amplitude value of the control potential, but 
both may have some partial response at inter 
mediate values of the control potential. The 
latter arrangement may have a useful applica 

75 tion, for example, in television systems where it 
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is desired gradually to fade from one television 
picture signal to another. 
From the above description of the unit D of 

Fig. 1, it will be evident that the biasing battery 
25, the space current source --5 together with 
the resistor 3, and the source --Sc of operating 
bias for the screen electrode 2 of the vacuum 
tube 8, comprise means for individually fixedly 
biasing each of the stages 8-7, inclusive, of the 
electronic switch 0 to control a conductance 
characteristic thereof to render each of the stages 
only. responsive to at least individual amplitude: 
values of the control potential selectively to 
translate the applied signals from the input cir 
cuit to the Output circuit associated therewith. 
That is, these elements comprise means indi 
vidual to the switching stages 3-7, inclusive, for 
imparting to each of the stages, a relatively high 
transconductance when the control potential 

- has at least individual amplitude values and a 
relatively low transconduçtance for other ampli 
tude values thereof to render each of the stages 
only responsive to individual amplitude values. 
of the control potential. 

Fig. 5 represents a circuit diagram of an elec 
tronic switch embodying a modified form of the 
invention which is essentially similar to the elec 
tronic switch 0 of Fig. 1, similar circuit elements 
being designated by similar reference numerals 
and analogous circuit elements by similar ref 
erence numerals primed. While only three 
switching stages 3', 4', and 5' are here shown, 
it will be evident that other similar stages may 
be used if desired, as in the Fig. 1 arrangement. 
The present arrangement permits the use of the 
triode type of vacuum tube 8' although this 
type of tube is not essential to the operation of 
the instant arrangement and a screen-grid type 
of tube may be used, if desired, as in the Fig. 1 
arrangement, there being the difference where 
the latter type of tube is used that the screen 
grid potential has a normal value and the load 
resistor 3 a normal value of resistance; that is, 
these circuit parameters need not be specially 
proportioned as in the Fig. 1 arrangement. The 
principal distinguishing feature between the Fig. 
1 and Fig. 5 arrangements consists in the use of 
two resistors 60, 6 which are connected in series . 
between the control electrode 9 of the vacuum 
tube 8' and One control circuit terminal, for 
example the terminal 22, of the electronic switch 
O'. The winding 24 of the input transformer 

24, 26 of each of the switching stages is coupled 
through a condenser 62 to the common junction 
of the resistors 60 and 6. 

Considering now the operation of the Fig. 5 
arrangement, the switching stages 8', 4', and 
5' are initially adjusted for operation by choos 
ing a value of potential of the bias battery 25 
of each such that the vacuum tube f8 of each 
switching stage is normally biased on the linear 
portion of its operating characteristic at one in 
dividual amplitude value of the control potential 
applied to the control circuit terminals 22, 23. 
ASSune, for example, that the value of the cori 
trol potential at a given time is such that the 
algebraic sum of its value and that of the bat 
tery 25, of stage 3’ is correct to operate the . 
vacuum tube 18" of this stage on the linear por-. 
tions of its operating characteristic. This vac 
uum tube is thus effective at this time to trans- . 
late the signal applied to its input circuit ter. ..." 
ninals 27, 28. to its output circuit terminals 29, ... 
0. At the same time, however, this amplitude 

value of the applied...control potential is insum 

V- ? :10 .' ? 

cent to cause the vacuum tubes of the switches 
4 and 5' to be biased above anode current 

cutoff and hence the latter stages are not ef 
fective to translate the signals applied thereto 
to their respective output circuits: . - 
Now assume that the amplitude of the applied 

control potential increases so that the algebraic 
sum of its value and that of the battery 25 of 
the switching stage, 4' is correct, to bias the 

10 vacuum tube 8' of the switching stage 4 to 
the linear portion of its characteristic. The switching-stage 4 thereupon becomes effective 
to translate the signal applied to its input cir 
cuit terminals 27, 28, to its output circuit. termi- . 
nals 29, 30. This value of control potential is as , 

... yet insufficient to bias the vacuum tube of the 
switching stage. . . above anode current Cutoff 
and the latter is ineffective to repeat to its out 
put circuit the signal applied to its input circuit, 

30. At the same time, however, this, value of con 
trol potential causes the control electrode fe of 
the vacuum tube 8 of switching stage 3' to 
become so positive that a continuous current 
flows between this control electrode and the 

25 cathode associated therewith, with the result 
that the signal applied to the input circuit ter 
minals 27, 28 of the switching stage 3 produces 
a signal voltage of substantially the same am 
plitude across the resistor 6 of the stage and 
only a negligibly Small portion of the signal volt 
tage is applied to the control electrode 9 of the 
vacuum tube 8' of the stage. The switching 
stage ' is therefore, for all practical purposes, 
ineffective to translate its signal to its output 
circuit. - 
When the control potential has a larger value 

at which the switching stage fS is effective to 
translate its signal from its input circuit termi 
nails 27, 28 to its output circuit terminals 29, 30, 
the signal voltages developed across the resis 
tors 6 of the switching stages 3' and 4, in 
the manner, previously described in connection with the switching stage 3', prevent the switch 
ing stages. 3' and 4 from being effective to 
translate the signals individually applied thereto. 
It will thus be seen that the switching stages 
of this arrangement are only responsive to indi 
vidual amplitude values of the control potential 
selectively to translate the signals individually 

50 applied thereto from the input circuit to the out 
put circuit associated therewith. p 
The Fig. 6 modification of the invention is es 

Sentially similar to that of Fig. 5, similar circuit 
elements being designated by similar reference 

-55 nulnerals, except that a pair of rectifier devices 
6, 4 replaces each of the vacuum tubes 8 of 
the Fig 5 arrangement. In the present arrange 
ment, the input circuit terminal 22 of the elec 
tronic switch fo' is directly connected through 

60 the series resistors 60' and 6 of each stage 
f', 4' and 5' to the output circuit terminal 
29 thereof. The rectifier devices 63, 64 are con 
nected with opposite polarities, that is, with the 
anode of one rectifier device connected to the 

(cathode of the other rectifier device, and are 
included in a series circuit between the junction 
of the resistors 60', 6' and ground, this series 
circuit including the biasing battery 25. 
A small biasing source comprising a battery 

-7055 of approximately 1.5 volts potential is con 
nected in series between the rectifier device 63 
and the battery 25 and has a polarity to bias the 
anode of the rectifier device 63 negative with re 
spect to its cathode for a purpose presently to 

75 be considered. A similar biasing source compris 
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ing a battery 66 is similarly connected between . 
the rectifier device 64 and the battery 25. 

Considering now the operation of the Fig. 6 
modification of the invention, assume that the 
control potential applied to the input circuitter 
minals 22, 23 of the electronic switch f' has 
a given small potential, for example zero poten 
tial. The battery 25 under the conditions as 
sumed, causes the rectifier device 63 of each of 
these switching stages 3', 4', and 5' to be 
conductive, the current flowing from the battery 
25 through the circuit external to the control cir 
cuit terminals 22, 23, or through resistance R, the 
resistor 60', and the rectifier device 63. The rec 
tifier device 63 of each switching stage has rela 
tively low conductance under such conditions and 
the signal applied to the input circuit terminals 
27, 28 of each such stage is thus caused to traverse 
the conductive rectifier device 63 and, conse 
quently, is not applied to the output circuit ter 
minals 29, 30 of each stage, 
Now assume that the control potential applied 

to control circuit terminals 22, 23 has a higher 
value than that of the battery 25 of any of the 
electronic Switching stages. The control poten 
tial under these conditions causes the rectifier 
device 64 of each stage to become conductive, the 
rectifier device 63 being rendered nonconductive. 
The signal applied to the input circuit terminals 
27, 28 of each of the switching stages is thus 
again caused to traverse the conductive rectifier 
device 64 and, consequently, is not applied to the 
output circuit terminals 29, 30 of such stage. 
However, when the value of the control potential 
is just equal to that of the battery 25 of any of 
the switching stages 3', 4' or 5', neither of 
the rectifier devices 63 or 64 of that stage is ren 
dered conductive by the control potential and the 
battery 25. Under this condition, the batteries 
65 and 66 cause the rectifier devices 63 and 64 to 
be nonconductive over a small range of approxi 
mately 1.5 volts, whereby neither device is ren 
dered conductive by the small amplitude signal 
applied to the input circuit terminals 2, 2 of 
that stage. Consequently, this applied signal is 45 
repeated to its output circuit terminals 29, 30. 
The resistors 60 in this arrangement are used as 
isolating resistors to prevent, the application of 
a signal of one of the switching stages, when that 

O 

12 
means individual to the stages for controlling the 
conductance characteristic of each stage thereof 
to render each of the stages only responsive to 
individual amplitude ranges of the signal input 
Selectively to translate the portion of the signal 
input lying within said amplitude ranges, 

Also from the above description of the inven 
tion, it will be seen that a very versatile electronic 
switch is provided and one which is capable of 
adaptation to many applications. The electronic 
switch of the invention possesses the advantages 
of substantially instantaneous operation, accurate 
and positive control of the selective-switching 
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operation, and provides an arrangement whereby 
one or more signals may be selectively or simul 
taneously translated as desired to one or more 
output circuits of the electronic switch. There 
is the further advantage that the electronic. 
switch of the invention is relatively simple and 
inexpensive and may be built into a relatively 
small and compact unit. 
The term "conductance characteristic' as used 

in the claims appended hereto is intended to de 
note the transconductance of the switching stages 
where this factor is predominantly important, as 
in the Figs. 1 and 5 arrangements, or the con 
ductance of the vacuum-tube switching stages 
where the latter is predominantly important, as 
in the Fig. 6 arrangement. 
While there have been described what are at 

present considered to be the preferred embodi 
ments of this invention, it will be obvious to those 
skilled in the art that various changes and modi 
fications may be made therein without departing 
from the invention, and it is, therefore, aimed in 
the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and scope of the invention. 
What is claimed is: 
1. An electronic switch comprising, a plurality 

of vacuum-tube Switching stages each including 
an output circuit at which a signal translated 
by the stage is developed, the conductance char 
acteristics of said stages depending primarily on 
the values of space currents of said vacuum tubes, 
a signal input circuit for each of said stages, 
means for applying to each of said stages a signal 
input having an effective amplitude varying over 
a predetermined amplitude range, at least a por 

stage is translating the signal to its output cir- 50 tion of each of said signal input circuits being 
cuit, from being applied to the output circuitter 
minals 29, 30 of the other stages of the electronic 
SWitch. 
From the above description of the several mod 

common to all of said stages, and means indi 
vidual to said stages for controlling the conduct 
ance characteristic of each stage thereof to render 
each of said stages responsive to individual por 

ifications of the invention, it will be evident that 55 tions of said amplitude range of said signal input, 
there is applied to the vacuum tube or tubes of 
each Switching stage an alternating signal poten 
tial and a unidirectional step-control potential 
Since these two potentials are applied in series 

selectively to translate the portions of said signal 
input lying within said portions of said amplitude 
range, said last-named means in at least one of 
Said stages including means for rendering said one 

to the switching-stage vacuum tube or tubes, it 60 of said stages unresponsive to all amplitude values 
will be seen that the alternating signal potential 
is superimposed upon each step of the control 
potential, whereby the same effect is produced 
as though the amplitude of the alternating signal 

of said input signal different from the saidportion 
of said amplitude range individual to said one of 
said stages. 

2. An electronic switch comprising, a plurality 
potential varied only over predetermined ampli- 65 of vacuum-tube switching stages each including 
tude ranges. Consequently, the transformers 24, 
26 and the control circuit comprising control cir 
cuit terminals 22, 23 comprise means for applying 
to each of the stages a signal input having an 

an output circuit at which a signal translated by 
the stage is developed, the transconductances of 
said stages depending primarily on changes of 
the space currents of said vacuum tubes, a signal 

effective amplitude varying over a predetermined 70 input circuit for each of said stages, means for 
amplitude range, at least a portion of each of 
the signal input circuits being common to a 
of the stages. The batteries 25, the sources of 

applying to each of said stages a signal input hav 
ing an effective amplitude varying over a prede 
termined amplitude range, at least a portion of 

screen potential --Sc, the sources of anode po- each of said signal input circuits being common 
tential --B, and the load resistors 3 comprise 75 to all of said stages, and means individual to said 

" ??? 
3. 
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stages for controlling the transconductance char 
acteristic of each stage thereof to render each of 
said stages responsive to individual portions of 
said amplitude range of said signal input, selec 
tively to translate the portions of said signal input 
lying within said portions of said amplitude range, 
said last-named means in at least one of said 
stages including means for rendering said one 
of said stages unresponsive to all amplitude values. 
of said input signal different from the said portion 
of said amplitude range individual to said one 
of said stages. 

3. An electronic switch comprising, a plurality 
of vacuum-tube switching stages each including 
at least one vacuum tube having a control elec 
trode, a screen electrode and an anode, an output 
circuit for each of said stages including a load 
impedance coupled to the anode of the vacuum 
tube thereof and adapted to have developed there 
across a signal translated by said each stage, a 
signal input circuit for each of said stages, means 
for applying to each of said stages a signal input 
having an effective amplitude varying over a pre 
determined amplitude range, at least a portion of 
each of said signal input circuits being common 
to all of said stages, means for biasing each of 
said screen electrodes and each of said control 
electrodes to predetermined Operating biases, the 
values of said operating biases and the values 
of said load impedances being proportioned to 
render each of said stages responsive only to in 
dividual portions of said amplitude range of said 
signal input, selectively to translate the portions 
of Said signal input lying within said portions of 
said amplitude range. 

4. An electronic switch comprising, a plurality 
of vacuum-tube switching stages each including . 
an input circuit having a circuit portion adapted 
to have applied thereto a signal and each includ 
ing an output circuit at which said signal is de 
veloped after translation through said each stage, 
the conductance characteristics of Said stages de 
pending primarily on the values of space currents 
of said vacuum tubes, another circuit portion of 
said input circuit being Common to all of said 
stages and being adapted to have applied thereto 
a control potential having selectively-variable 
amplitude values, and means individual to Said 
stages for controlling the conductance charac 
teristic of each thereof to render each of said 
stages responsive to at least individual amplitude 
values of said control potential, Selectively to 
translate said applied signals from the input cir 
cuit to the output circuit associated therewith, 
said last-named means in at least one of said 
stages including means for rendering said one 
of said stages unresponsive to all amplitude values 
of said control potential different from the said 
amplitude value individual to Said. One of Said 
stages. 

5. An electronic switch comprising, a plurality 
of vacuum-tube switching stages each including 
an input circuit having a circuit portion adapted 
to have applied thereto a signal and each includ 
ing an output circuit at which said signal is de 
veloped after translation through said each stage, 
the conductance characteristics of said stages de 
pending primarily on the values of space currents 
of Said vacuum tubes, another circuit portion of 
said input circuit being common to all of said 
stages and being adapted to have applied thereto 
a control potential having selectively-variable 
amplitude ranges, and means individual to said 
stages for controlling the conductance character 
istic of each thereof to render each of said stages 
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responsive to one individual amplitude range of 
- said control potential, selectively to translate said 
applied signal from the input circuit to the out 
put circuit associated therewith, said last-named 

5 means in at least one of said stages including 
means for rendering said one of said stages unre 
Sponsive to all amplitude values of said control 
potential different from the said amplitude range 
individual to said one of said stages. 

6. An electronic switch comprising, a plurality 
of vacuum-tube switching stages each including 
an input circuit having a circuit portion adapted 
to have applied thereto a signal and each includ 
ing an output circuit at which said signal is de 

15 veloped after translation through said each stage, 
the conductance characteristics of said stages 
depending primarily on the values of space cur 
rents of said vacuum tubes, another circuit por 
tion of said input circuits being common to all of . 
said stages and being adapted to have applied 
thereto a control potential having selectively 

. , variable amplitude values, and means for indi- . 
vidually fixedly biasing each of said stages, to 
control the conductance characteristic thereof to 
render each of said stages responsive to at least 
individual amplitude values of said control po 
tential, selectively to translate Said applied sig 
nals from the input circuit to the output circuit 
associated therewith, said last-named means in 
at least one of Said stages including means for 
rendering said one of said stages unresponsive to 
al amplitude values of said control potential dif 
ferent from the said amplitude value individual to 
said one of said stages. 

7. An electronic switch comprising, a plurality 
of vacuum-tube switching stages each including 
an input circuit having a circuit portion adapted 
to have applied thereto a signal and each includ 
ing an output circuit at which said signal is de 
veloped after translation through said each stage, 
the transconductances of said stages depending 
primarily on changes of the space currents of said 
vacuum tubes, another circuit portion of said in 
put circuits being common to-all of said stages and 

45 being adapted to have applied thereto a control 
potential having selectively-variable amplitude 
Values, means individual to said stages for im 
parting to each of said stages a relatively high 
transconductance when said control potential 

50 has an individual amplitude value and relatively 
low transconductance for other amplitude values 
thereof to render each of said stages responsive 
only to an individual amplitude value of said con 
trol potential, selectively to translate said applied 

55 signals from the input circuit to the output cir 
cuit associated therewith. 

8. An electronic switch comprising, a plurality 
of Switching stages each including at least one 
vacuum tube having a control electrode and an 

60 input circuit coupled thereto, each of said input 
circuits having one portion individual to the 
switching stage associated therewith and adapted 
to have applied thereto a signal and another por 
tion common to all of Said Switching stages and 

65 adapted to have applied thereto a control po 
tential having selectively-variable amplitude 
values, an output circuit for each of said stages 

- at which the signal individual to said each stage 
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is developed after translation therethrough, and 
70 means individual to said stages for rendering each 

of said stages responsive to at least individual 
amplitude values of Said control potential, selec 
tively to translate said applied signals from the 
input circuit to the output circuit associated 

75 therewith, said last-named means in at least one 
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of said stages including means for rendering said 
one of said stages unresponsive to all amplitude 
values of said control potential different from the 
said amplitude value individual to said one of 
said stages. 

9. An electronic switch comprising, a plurality 
of vacuum-tube switching stages each including 
an input circuit having a circuit portion adapted 
to have applied thereto a signal and each includ 
ing an output circuit at which said signal is de 
veloped after translation through said each stage, 
the conductance characteristics of said stages de 
pending primarily on the values of Space cur 
rents of said vacuum tubes, another circuit por 
tion of said input circuits being common to all 
of said stages and being adapted to have applied 
thereto a control potential having selectively 
variable amplitude values, a source of Operating 
bias included in each of the individual circuit 
portions of said input circuit, the values of Said 
operating biases being proportioned to render 
each of said stages responsive to at least indi 
vidual amplitude values of said control potential, 
selectively to translate said applied signal from 
the input circuit to the output circuit associated 
therewith, and the values of said operating biases 
in at least one of said stages being further propor 
tioned to render said one of said stages unre 
sponsive to all amplitude values of said control 
potential different from the said amplitude value 
individual to said one of Said stages. 

10. An electronic switch comprising, a plurality 
of switching stages each including at least one 
vacuum tube having a control electrode and an 
anode, an input circuit coupled to each of Said 
control electrodes and having a circuit portion 
individual to said stages, each of said individual 
circuit portions being adapted to have applied 
thereto a signal, an output circuit including a 
load impedance coupled to each of said anodes 
and adapted to have said signal developed there 
across after translation through said each stage, 
the conductance characteristics of said stages 
depending primarily on the values of Space cur 
rents of said vacuum tubes, another circuit por 
tion of said input circuits being common to all of 
said control electrodes and being adapted to have 
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applied thereto a control potential having Selec 
tively-variable amplitude values, and means in 
cluded in each of the individual circuit portions 
of said input circuit for biasing said control elec 
trodes to a predetermined operating bias, the 
values of the operating biases and the values of 
said load impedances being proportioned to rena 
der each of said stages responsive to at least in 
dividual amplitude values of said control po 
tential, selectively to translate Said applied sig 
nals from the input circuit to the Output circuit 
associated therewith, said last-named means in 
at least one of said stages including means for 
rendering said one of said stages unresponsive to 
al amplitude values of said control potential dif 
ferent from the said amplitude value individual 
to said one of said stages. 

11. An electronic switch Comprising, a plurality 
of switching stages each including at least one 
vacuum tube having a control electrode, a screen 
electrode and an anode, an input circuit coupled 
to each of said control electrodes and having a 
circuit portion individual to said stages, said in 
dividual circuit portions being each adapted to 
have applied thereto a signal, an output circuit 
including a load impedance coupled to each of 
said anodes and adapted to have said signal de 
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veloped thereacross after translation through said 
each stage, means for biasing each of said Screer 
electrodes to a predetermined operating bias, 
means included in each of the individual circuit 
portions of said input circuit forbiasing said con 
trol electrodes to predetermined operating biases, 
another circuit portion of said input circuits be 
ing common to all of said stages and being 
adapted to have applied thereto a control po 
tential having selectively-variable amplitude 
values, the values of the operating biases and the 
values of said load impedances being proportioned 
to render each of said stages responsive to at 
least individual amplitude values of said control 
potential, selectively to translate said applied 
signal from the input circuit to the output cir 
Cit associated therewith 

12. An electronic switch comprising, a plurality 
of vacuum-tube Switching stages each including 
an input circuit having a circuit portion common 
to all of said stages and a circuit portion indi 
vidual to said each stage and adapted to have 
applied thereto a signal, an output circuit for 
each of said stages at which the signal individual 
to said each stage is developed after translation 
therethrough, the conductance characteristics of 
said stages depending primarily on the values of 
space currents of said vacuum tubes, means for 
generating and applying to said common circuit 
portion of said input circuits a control potential 
the amplitude values of which increase by suc 
Cessive steps, and means individual to said stages 
for controlling the conductance characteristic of 
each thereof to render each of said stages re 
Sponsive to at least individual amplitude values 
of Said control potential, selectively and succes 
sively to translate said applied signals from the 
input circuit to the Output circuit associated 
therewith, said last-named means in at least 
One of said stages including means for rendering 
Said one of Said stages unresponsive to all am 
plitude values of said contro potential different 
from the said amplitude value individual to said 
one of said stages. 

13. An electronic switch comprising, a plurality 
of vacuum-tube switching stages each including 
an input circuit having a circuit portion common 
to all of Said stages and a circuit portion indi 
vidual to said each stage and adapted to have ap 
plied thereto a signal, an output circuit for each 
of said stages at which the signal individual to 
said each stage is developed after translation 
therethrough, the conductance characteristics of 
said stages depending primarily on the values of 
Space currents of said vacuum tubes, means for 
generating and applying to said common circuit 
portion of said input circuit a periodic control 
potential the amplitude values of which increase 
during a recurrent period thereof by successive 
steps, and means individual to said stages for con 
trolling the conductance characteristic of each 
thereof to render each of said stages responsive to 
at least individual amplitude Values of said co 
trol potential, selectively and successively during 
recurrent periods to translate said applied sig 
nals from the input circuit to the output circuit 
asSociated therewith, said last-named means in 
at least One of Said stages including means for 
rendering said one of said stages unresponsive 
to all amplitude values of said control potential 
different from the said amplitude value individual 
to said one of said stages. 

JOHN F. FARRINGTON. 


