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Donald H. Lee, Philadelphia, Pa., assignor to Burroughs
Corporation, Detroit, Mich., a corporation of Michigan

Application October 1, 1554, Serial No. 459,697
15 Claims. (Cl. 315—8.5)

This invention relates generally to multi-position elec-
tron beam position tubes and more particularly to single
input pulse counter circuits utilizing a multi-position elec-
tron beam position tube. In particular this invention re-
lates to improved counter circuits of the type described
in the co-pending United States application of George
Hoberg for Beam Switching Circuits, Serial No. 455,546,
filed September 13, 1954.

In recent years there has been developed a type vacuum
tube having a plurality of compartments each containing
one of a plurality of target electrodes arranged concen-
trically around an elongated cathode. Each of the target
electrodes is associated with a corresponding spade elec-
trode used for locking the cathode ray beam in position
upon its target electrode in a selected compartment. A

magnetic field is created substantially parallel to the :

elongated cathode throughout the tube so that an electron
beam formed at the cathode of the tube will tend to fol-
low a substantially equipotential path. For this reason,
the tubes are known as magnetron beam switching tubes.
Means are provided including the spade electrodss to
create a substantially equipotential line from a particular
target electrode to the cathode so that the electron beam
will flow from the cathode to a single compartment de-
fined by the said particular target. A small portion of
the electron beam locks upon the associated spade elec-
trode and reduces its potential by means of a load im-
pedance to thereby direct the remainder of the electron
beam upon the corresponding target electrode.

Because of the magnetic field, the electron beam has a
tendency to contimuously rotate in a tight spiral around
the cathode in ome direction and would re-enter the
cathode if it were not locked upon a particular spade
electrode. When a substantially equipotential line is
created between the cathode and the compartment ad-
jacent to the compartment upon which the electron beam
is impinging, the electron beam is caused to advance to
the said adjacent compartment where it locks upon the
spade electrode thereof. In some of the earlier tubes
of this type locking may be accomplished by lowering
the potential of either the spade electrode or the target
electrode. A more recent development has resulted in
the provision of a switching or control grid electrode in
each compartment. Such tubes are described in the S. P.
Fan and 8. Kuchinsky Patent No. 2,721,955, issued
October 25, 1955. The switching electrode of one com-
partment, upon being reduced sufficiently in potential,
performs the function of establishing an equipotential
path between the cathode and a spade electrode of an
adjacent compartment to cause the electron beam to be-
come locked in upon the adjacent compartment. If the
potentials of successive ones of said switching electrodes
are caused to assume a potential such as to establish an
equipotential path between the associated compartment
and the cathode, the electron beam will be caused to step
consecutively from one compartment to the next. This
has been accomplished in one manner by connecting one
set of alternate switching electrodes (hereinafter referred
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to as even numbered electrodes) to one output terminal
of a circuit such as a flip-flop or binary circuit and con-
necting the other set of odd numbered alternate switch-
ing electrodes to the other output of the flip-flop or
binary circuit. Successive changes in direct current level
from the flip-flop circuit would then cause the electron
beam to advance progressively from one compartment to
the next,

A general object of the invention is to provide improved
electronic counters utilizing beam switching tubes of the
type described hereinbefore. '

An object of the present invention is to provide a sys-
tem including a multiple position electron beam tube in
which the electron beam may be caused to step consecu-
tively along its various positions in response to pulses
applied to a single input terminal.

Another object of the invention is to provide a mag-
netron type electron beam switching tube system operable
as a counter and having but a single input terminal for
external signals to be counted.

In one embodiment of the invention each of the odd
numbered target electrodes is connected through an in-
dividual impedance means to a supply potential. At a
junction point upon the said impedance means a feedback
circuit is connected to all of the odd switching electrodes
to produce a gating potential. The even numbered target
electrodes are connected in a similar manner to the even
numbered switching electrodes. When the electron beam
is impinging upon an odd numbered target electrode, the
potential of all the odd numbered switching electrodes
is reduced to a gating condition at a potential lower than
that of the even numbered “switching electrodes. An
external pulse source is connected to provide input pulses
to both the even numbered switching electrodes and the
odd numbered switching electrodes. T hus, when the elec-
tron beam is impinging on an even numbered target elec-
trode the even numbered switching electrodes are at a
potential lower than that of the odd numbered switching
electrodes. The potentials of both sets of switching elec-
trodes are higher than the potential to which the elec-
trodes must be reduced to cause the electron beam to
advance from a given target electrode to the next adjacent
target electrode. However, when a pulse is transmitted
from the pulse source to both the even and odd num-
bered switching electrodes at a time when the electron
beam is impinging upon an even numbered target elec-
trode only the even numbered switching electrodes will
decrease to a potential sufficiently low to cause the elec-
tron beam to advance to the next adjacent target electrode.
Thus the internal gating potentials derived from the target
potential variations assure that subsequent pulses from
the external pulse source will cause the electron beam to
contimue to advance from one target electrode compart-
ment to the next.

In accordance with a more specific embodiment of the
invention each odd target electrode has a first individual
resistance connecting the said target electrode to a supply
potential and a second resistance individual thereto con-
necting the target electrode fo a first common junction
point. Each even target electrode is connected by separate
resistor networks to a second common junction point in a
similar manner. All of the odd numbered switching elec-
trodes are connected to the first common junction point
to effect feedback and likewise all of the even numbered
switching electrodes are connected to the second common
junction point. An external pulse source is adapted to
transmit pulses to the even numbered control grid elec-
trodes through a first direct current blocking capacitor or
~other impedance means for providing isolation and to the
odd control grid electrodes through a second similar im-
pedance means. The electron beam impinging on a target
electrode of the odd numbered or even numbered target
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electrodes will thereby. cause the associated odd or even
numbered control grid electrodes respectively to become
primed with a direct current potential level so that when
a negative input pulse is transmitted from the external
pulse source,. it further reduces the potential enough fo
cause the electron beam to advance to the next adjacent
target electrode.

Therefore, in accordance with the invention, the elec-
tron beam is caused to advance from one target electrode
to. the next adjacent target electrode each time a pulse is
transmitted from an external pulse means, because gating
potentials are internally derived from the changes in elec-
trode potentials. '

Other objects and features of the invention will be more
fully understood from the following detailed description
thereof when read in conjunction with the drawings, in
which:

Fig. 1 is a perspective assembly view of a.multi-position
magnetron beam switching tube utilized with the inven-
tion;

Fig. 2 is a schematic diagram of a counter circuit em-
bodiment incorporating the invention; ‘ ‘

Fig. 3 is a plot of the target electrode characteristic
of switching tubes of the type shown in Fig. 1;

Fig. 4 is a schematic sketch of a simplified equivalent
circuit of a section of the circuit shown in Fig. 2;

Fig. 5 is a schematic sketch of another circuit embody-
ing the invention; :

Fig. 6 is a schematic sketch of an equivalent circuit of
a portion of Fig. 5; and

Figs. 7 and 8 are schematic sketches of still further cir-
cuit embodiments of the invention.

Referring now to Fig. 1, there is shown a perspective
view of a magnetron beam switching. tube which is used
in accordance with this invention.

This type tube is well known in the art, as evidenced
by descriptions. in publications such as Electronic Design
for Yanuary 1954. Consequently, only a brief description
will be given herein of the structure and theory of opera-
tion of the tube 9 of Fig. 1. The cathode 41 is positioned
within the hermetically sealed envelope 10 A plurality
of elongated spade electrodes 31 through 40, having a
U-shaped. cross section, are positioned concentrically
about the cathode 41; In the structure shown in Fig. 1
there are ten such spade electrodes.

Similarly, there are ten elongated target electrodes 1
through 20, having an L-shaped cross section, likewise
positioned. concentrically around the cathode 41, and each
associated with one of the ten spade electrodes. Each
target with its two adjacent spades defines a compartment
for receiving the beam in each of its ten stable locked in
positions.. Ten switching electrodes 21 through 30 are
also ‘positioned concentrically around the cathode 41 and
are-each individvally positioned in one of the compart-
ments between the open end of a target electrode and one
extending leg of a spade electrode. For example, switch-
jng electrode 21 is positioned between the extending leg
of spade electrode 40 and the open end of target electrede
11.. The concentric magnet 42 placed about the envelope
10 produces a magnetic field in the tube that is substan-
tially parallel tothe elongated cathode 41. This magnetic
field is of a polarity which will cause an electron beam
extending outwardly from the cathode 41 to sweep around
the tube in a clockwise direction (viewed from the top of
the tube) in accordance with well known principles. Each
of the spade electrodes is adapted to lock the electron
beam in a particular compartment by a lowering of ‘its
potential. The beam remains locked in by means of the
electron ‘beam flowing through a spade impedance (shown
in Fig. 2) conmected to the particular spade electrode upon
which the electron beam is impinging thereby causing
enough potential drop across said impedance to establish
a substantially equipotential path between the parficular
spade electrode and the-cathode. The switching elec-
trodes perform the function of causing the electron beam
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to impinge upon the next consecutive spade electrode by
distorting the electric field within a particular compart-
ment to cause the electron beam to advance to that spade
electrode in the compartment adjacent the one upon which
it impinges in the absence of a switching potential, Itis
to be noted that when the electron beam is directed to a
compartment that the electron beam is actually impinging
upon both the spade electrode and the target electrode.
The target electrodes normally receive most of the electron
beam since only a small portion thereof is required to lock
the electron beam upon a particular spade clectrode.
Referring now to Fig. 2, the various elements of the
tube of Fig. 1 are presented in a different manner than
in Fig. 1 in order to make the drawing more easily under-
stood. More specifically the spade clectrodes, the target
electrodes, and the switching electrodes are arranged in
a straight line and further are separated into two func-
tional groups. The group at the left of Fig. 2. consists
of the odd numbered target electrodes 11°, 13°, 15, 17,
and 19; the odd numbered spade electrodes 31", 33', 38,
37’, and 39" and the odd numbered switching electrodes
21’,23, 25, 27" and 29’. The group at the right consists
of even numbered target electrodes 12’, 14', 16°, 18’; and
20', the even numbered spade electrodes 32/, 34’, 36’, 38,
and 40°, and the even numbered switching electrodes 227,
24, 26', 28", and 30’. It is to be noted that the elements
having primed reference characters in Fig. 2 correspond

10 elements in Fig. 1 having the same unprimed reference

character.

Each of the odd numbered target electrodes 11, 13’, 15,
17’, and 19’ is connected to a common power supply such
as battery 87 through individual resistors 51 through 55
respectively and is connected to common junction point
74 through the individual resistors 61 through 65 re-
spectively. 'The even numbered target electrodes 12/,
14’; 16’, 18", and 20 are individually connected to the
common battery 87 through the resistances 56 through
60 respectively and are connected to the common junction
point 82 through the resistances 66 through 70 respec-
tively. The common junction point 74 is. connected to
ground through the series combination of resistance 71 and
resistance 72 which constitute a voltage divider network.
All of the odd numbered switching electrodes 21’, 23', 25,
27", and 29’ are connected to the junction point 92 be-
tween the resistance 71 and the resistance 72. Similarly,
the common junction point 82 is connected to ground po-
tential through the series combination of the resistance 83
and the resistance ‘85 which also constitute a voltage di-
viding network. The even numbered switching electrodes
22’, 24, 26, 28, and 30’ are connected to the junction
point 84 between the resistance 83 and the resistance 85.
The capacitors 73 and 81 which are connected across the
resistances 71 and 83 respectively perform the function
of improving the potential’ waveform at the junction
points 84 and 92. Junction points 92 and 84 are connected
to a common. junction point 76 through direct current
blocking capacitors 75 and 79 respectively.. Input pulse
source 78 is connected to the common point 76 through
the conductor 77. Bach of the spade electrodes is con-
nected to the common battery. source 88 through a resis-
tance individual thereto. - As a specific example the spade
electrode 317 is shown connected to the battery source
88 through the resistance 50. In order to avoid unneces-
sarily complicating the drawing the resistors conmnecting
the other spade electrodes to the common battery source
88 have been -omitted.

From an inspection, it can be scen that each target
electrode is -connected to the battery source 87 through
two principal impedance paths, the first being through the
associated one of the impedances 51 through 60 and the
second being through the remainder of the impedances
connected directly to. the target electrodes of the same
group of the even or odd numbered groups of target elec-
trodes. . Specifically, for example, the target electrode 11’
is connected to the battery source 87 through the resist-
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ance 51 and also is comnected to the battery source 87
through the resistance 61 and resistances 52—62, 53—63,
etc. It is to be noted that common junction point 74 is
positioned between resistance 61 and the resistance net-
work set forth immediately above. The values of these
resistances are so proportioned that the potential of the
odd numbered control grid electrodes are of a proper value
to cause the electron beam: to advance from an odd num-
bered target electrode to an even numbered target elec-
trode when a pulse is transmitted from the input pulse
source 78. The values of the potentials at various points
in the circuit for one particular design are as follows:

Er=250 volts
Esp=100 volts
V=60 volts
V=100 volts
Vo=21 volts
Vo'=250 volts
V¢'=53 volts
Vr'=109 volts

Where Er is the target electrode battery source 87,
Esp is the spade electrode battery source 88, and for the
odd numbered group of electrodes wherein the electron
beam is assumed to be impinging on the target electrode
1¥’, Vr is the potential of the target electrode 11’, Vs is
the potential of the common junction 74 and Vg is the
potential of the junction 92 to which the switching elec-
tredes are connected. Likewise for the even numbered
electrodes Vo is the potential of the common junction
point 82, Vg’ is the potential of the junction point 84 to
which the even numbsred switching electrodes are con-
nected and Vr’ is the potential of the target electrodes
13, 15,17, and 19’ It is to be understood that the values
of potentials given above are but one of many sets of values
that can be chosen.

With respect to the potential of the switching electrodes,
it is necessary that one set of the switching electrodes (odd
if the electron beam is impinging on an odd numbered
target electrode) be at a potential which will be lowered
sufficiently when an input pulse is applied to junction
76 from input pulse source 78 to cause the electron beam
to step to an even numbered target electrode and that the
other set of contrel grid electrodes (the even nmumbered
set) be not lowered sufficiently to cause the electron beam
to continue stepping to the next following odd numbered
target electrode. It is to be noted that when the electron
beam is impinging on an odd numbered target electrode,
the odd numbered switching electrodes are at a lower
potential than the even numbered switching electrodes
and will upon application of an external negative pulse
from source 78 cause the electron beam to advance from
an odd numbered target electrode to an even numbered
target electrode.

The voltage conditions set forth above can be obtained
by selecting the proper values for resistances 51 through.
7¢. These values can be obtained by mathematical
analyses well known in the art.

The final equations of such an analysis are given. below:
Let

V= Va— VT
T 4B L V—5V,

where V is an abbreviated expression of the quantity to
which it is equal

Then

1V
Bi=5y 57

where Ri represents any of the resistances 51 through 60
and

Ra=VR,
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where R represents any of the resistances 61 through 70
where

_Er—TVy
R———I—
which can be determined from the characteristic curve

of Fig. 3

To obtain the proper values for Vg and V' the resist-
ances 71, 72, 83, and 85 must be proportioned properly.
In the embodiment shown in Fig. 2, the ratio of resistance
71 to resistance 72 is such to give a voltage division of
0.21 and equal to that of resistance 83 to resistance 85.
Consequently,

V¢=21 volts Vo==100 volts
and P
V¢'==53 volts Vo'==250 volts

Solving the above equations it is found that the resist-
ances 51 through 6@ have a value of 120,000 ohms and
resistances 61 through 70 have a value of 8200 ohms.
Resistances 71 and 83 have a value of one megohm, and
resistances 72 and 85 have a value of 270,000 ochms. Ca-
pacitors 73 and 81 each have a value of 100 micromicro-
farads, and capacitors 75 and 79 each have a value of
470 micromicrofarads.

Referring now to Fig. 4, there is shown a schematic
view of the equivalent circuit of Fig. 2 of a particular
section of the circuit including target electrode 11’. Cer~
tain elements of the circuit of Fig. 4 correspond to cer-
tain elements of the circuit of Fig. 2 and have the same
reference characters. However, the resistance 108 of Fig.
4 represents the combined resistance of series resistances
52—62, 53—63, etc., of Fig. 2. Resistance 101 likewise
represents the combined resistance of resistances 56—66,
57—67, etc., of Fig. 2.

Assume that the circuit of Fig. 4 shows in a simplified
form the circuit of Fig. 2 with the electron beam imping-
ing on the target electrode 11’, It can be seen that the
electron beam can flow in two paths from the target elec-
trode 11’ to the battery source 87. One of these paths
is directly through the resistance 51 and the other path
is through the series combination of resistance 61 and re-
sistance 180. The potential of the junction point 74 is
thereby lowered below that of the junction point 82 due
to the increased current flow through the equivalent re-
sistance 160, Similarly the potential of junction point 92
is lowered below that of junction point 84. The junction
points 82 and 84 are connected to the odd and . even
numbered switching electrodes respectively. Therefore,
the potential of the odd numbered conirol grids is gated
or primed such that the electron beam will step to the
even numbered target electrode 12’ (shown in Fig. 2)
adjacent the target electrode 11’ when a negative pulse
is applied from the input pulse source 78 to the junction
point 76.

Referring now to Fig. 5 there is shown a schematic dia-
gram of a second embodiment of the invention. Each of
the odd numbered target electrodes 11, 13, 15, 17,
and 19" are connected through resistances 104, 105, 166,
107, and 188 respectively to the common junction point
146. Each of the even numbered target electrodes 12’,
14, 16’, 18, and 20’ are connected to the common junc-
tion point 147 through the resistances 109, 110, 111,
112, and 113 respectively. The junctions 146 and 147 are
connected to common junction 150 through the resist-
ances 114 and 115 respectively. The junction 159 is con-
nected to positive battery source 116. All of the spade
electrodes 3V, 3%, 33, 34, 35, 3¢, 37, 38, 39’, and
40" are connected to the positive battery source 117
through individual resistances. To simplify the drawing,
only one such resistance 151 is shown connecting spade
electrode 31’ to the battery source 117. All of the odd
numbered switching electrodes 217, 23’ 25, 27, and 29"
are connected to a common junction point 148 and like-
wise all of the even numbered switching electrodes 22,
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24’, 26', 28", and 30’ are connected to-a common junction

point 149. The common junction points 148 and 149 are

coupled through capacitances 124 and 12§ respectively
to a common junction point 152 ‘which is connected to
the external pulse source 135.

The junction -point 146 associated with the odd num-
bered target electrodes is connected to the junction point
148. associated with' the odd numbered switching elec-
trodes: through a circuit comsisting of the parallel resist-
ance 118 and capacitor 122. In the same manner the
junction point 147 associated with the even numbered
target electrodes is connected to the junction point 149
associated with the even numbered switching electrodes
through a circuit consisting of the parallel capacitor 123
and resistor 119.

It is to be noted that the junction points 146 and 147
which are common to odd numbered target electrodes and
the -even numbered target electrodes respectively have
potential  levels thereon which cause the switching elec-
trodes to assume potentials adapted to cause the electron

eam to step from one target electrode to the adjacent
. target electrode upon the coincidence of the electron beam
impinging upon a target electrode and the application
of -a negative pulse to the junction 152 from input pulse
source 135. An inspection of Fig. 5 will show that junc-
tion points 146 and 147 represent common taps on a num-
ber of voltage divider circuits; For example, the resist-
ance 104 and the resistance 114 form a series circuit be-
tween target electrode 11’ and battery source 116 with
the junction point 146 located therebetween. A second
circuit for the battery source 116 may be traced from
the battery source 116 through the resistance 114, resist-
ance 118, junction point 148, -and Tesistance 120 to
ground. . In the absence of an electron beam no current
will flow through the resistance 104 and only a small pro-
portion of the voltage of source 116 will be developed
across the resistance 114 since the combined resistances
118 ‘and 120 is very high in comparison with resistance
114. Thus, the potential of the junction point 146 will
be only slightly less'than the potential of the battery
source 116. This voltage is impressed across the volt-
age dividing network comprising resistance 118 and re-
sistance 120 and is adapted to establish a potential at
junction point 148 which, by itself, is of 'too high a
magnitude to effect gating and cause the electron beam
of the tube to advance when a pulse is transmitted from
the input pulse source 135.

If, however, the electron beam is impinging on one
of the odd numbered target electrodes such as target elec-
trode 11 there will be a current flow from battery source
116 through resistance 114 and resistance 104 to the tar-
get-electrode 11’ which will lower the potential of junc-
tion: 146 :and therefore, also lower the potential of junc-
tion 148.to a value which will cause the electron beam
to step from the odd numbered target electrode 11’ to the
even numbered target electrode 12’ in response to an in-
put pulse applied to junction 152 from the, input pulse
source 135. As in the case of the circuit of Fig. 2, the
odd numbered switching electrodes and the even num-
bered switching electrodes of ‘Fig. 5 are individually ar-
ranged in alternate manner around the cathode 41’ so that
every other control grid electrode will be at a low poten-
tial when the electron beam is impinging upon a particu-
lar target electrode and the remainder of the control grid
electrodes will be at a high potential.

Referring now to Fig. 6, there is shown an equivalent
of the circuit of Fig. 5. 'Those elements corresponding to
elements of the circuit of Fig. 5 have the same identify-
ing reference characters. Itis to be noted that the equiva-
lent circuit of Fig. 6 includes oniy that portion associated
with -target electrode 11’. In other words the circuit
shown in Fig. 6 is the circuit that would be presented to
an electron beam impinging upon the target electrode 117,
Inasmuch as the resistances 185 through 113 ‘end in
open-circuits at their respective associate target electrodes
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they- do not constitute an active part- of the equivalent
circuit-and consequently are not included therein.

- In the preferred embodiment of the invention shown in

Fig. 5 there are many different suitable sets of potential
values: The following values of potentials have been
selected as one typical set: ‘

Er=250 volts

where Er is the potential of battery source 116 of Fig. 5;
Es=100 volts

where Es is the potential of battery source 117 of Fig. 5;
Vr=60 volts

_where V7 is the potential of a target electrode when the

electron beam is impinging thereon;
Vo=100 volts

where Vo is the potential of either the junction 146 or
147 when the electron beam is impinging on an associated
target electrode.

By means of well known mathematical analysis meth-
ods it can be established that:

_Er—Vr
B==r
where T is the value of the current flowing through the
particular target electrode upon which the electron beam
is impinging and where R is the impedance presented to
the electron beam as it impinges upon a target electrode;

and
_ v
Rz——l—:ﬁR
where Rz is any of the resistances 104 through 113 of
Fig. 5;
where
___Va'—VT
V=%,=7,

in which V is an abbreviation for the expression to which
it .is equal;
and where
Ri=R-—Rz
where Ri is resistance 114 or 115 of Fig. 5.

From.these equations it can be determined that for
the potential values set forth above Ri=5600 ohms and
R2=22,000 ohms.

The voltage of the switching electrodes associated with
the set of target electrodes upon which the electron beam
is impinging is 20 volts. The potential of the switching
electrodes associated with the set of target electrodes
upon: which the electron beam is not impinging is 50
volts. These two potentials are determined by the values
of resistances 118, 120, 119, and 121 which have values
of 1,000,000 ohms, 270,000 ohms, 1,000,000 ohms, and
270,000 ohms respectively. :

In one preferred embodiment of the invention shown
in Fig. 5 there can be utilized the following circuit con-
stants. Resistance 151 has a value of 100,000 chms, re-
sistances 114 and 115 have values of 22,000 ohms, re-
sistances 104 through 113 have values of 5600 ohms,
capacitors 122 and 123 have values of 100 micromicro-
farads, and capacitors 124 and 125 have values of 470
micromicrofarads respectively.

Referring now to Fig. 7 there is shown an embodiment
of the invention wherein vacuum tubes 176 and 175 are
utilized as feedback circuit means to establish the poten-
tials of the odd numbered and even numbered groups of
control grid electrodes from the ‘common junction points
74 and 82 in licu of the resistive voltage divider circuits
as hereinbefore utilized. Many portions of the circuit
of Fig. 7 are the same as the corresponding portions of
the circuit of Fig. 2, and therefore have been given the

‘same reference characters,  The vacuum tube 175 com-
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Ptises an anode 185, a grid 186 and a cathode 187. The
vacuum tube 176 comprises an anode 177, a grid 178
and a cathode 179. The grid 178 of tube 176 is connected
directly to the common junction point 74 and is connected
to the input pulse source 184 through the series de-
coupling diode 181. The cathode 179 is connected to a
260 volt potential source 195 in order to provide cutoff
bias for the grid 178.

1t will be observed that since tubes 175 and 176 func-
tion to invert a signal impressed upon the respective grids
186 and 178 thereof, it is necessary to have the signal
from the common junction point 74 associated with the
odd numbered target electrodes impressed upon the grid
178 of tube 176, the anode 177 of which is connected
through capacitor 183 to the even numbered switching
electrodes, which are normally maintained at about -+25
volt by the potential source 196. Similarly, the junction
point 82 which is associated with the even numbered tar-
get electrodes is connected to the grid 186 of tube 175,
the anode 185 of which is connected to the normally posi-
tive odd numbered switching electrodes through capacitor
191. Thus, when the electron beam is impinging upon an
odd numbered target electrode the potential of junction
point 74 is decreased, thus decreasing the potential of the
grid 178 of tube 176 to assure that it remains cut off by
the bias source 195, There is therefore no signal trans-
mitted from its anode 177 through capacitor 183 to the
even numbered switching electrodes. Thus, the switch-
ing electrodes are maintained at a normally positive po-
tential of about 25 volts by the source 196 until such
time as the conductive state of tube 176 changes. Even
in the presence of a positive input pulse from source 184
the grid 176 cannot be brought above cutoff because of
the simultaneously present negative target feedback po-
tential. This is a desired result since the even numbered
switching electrodes should be at a potential relative to
the odd numbered switching electrodes when the electron
beam is impinging on an odd numbered target electrode.
However, under these same conditions the potentials of the
junction point 82 asscciated with the even numbered tar-
get electrodes is higher than that of junction point 74
associated with the odd numbered target electrodes since
the electron beam is not impinging on the even numbered
target electrodes. Consequently, the potential of the
grid 186 of tube 175 is higher than that of the grid 178
of the tube 176. This will cause the tube 175 to conduct
in the presence of a positive pulse from source 184, and
therefore will cause the odd numbered switching elec-
trodes to assume a lower potential because of coupling
through capacitor 191. Thus, when a pasitive input pulse
is applied to the grids 186 and 178 from input pulse source
184, the odd numbered control grid electrodes will be
lowered to the electron beam switching potential where-
as the even numbered control grid electrodes will be
maintained at their normal positive potential and thereby
cannot effect beam switching. The battery source 189
supplies plate potential to the plates 185 and 177 of the
tubes 175 and 176 respectively through the plate resist-
ances 188 and 180. The input pulse source 184 is con-
nected by disconnect diodes 190 and 181 to the grids 186
and 178 of the respective tubes 175 and 176.

In Fig. 8 is schematically represented a further embodi-
ment of the invention incorporating features of the cir-
cuits of Figs. 5 and 7. Accordingly, like reference char-
acters are used to permit comparison of similar features,
and primed reference characters are used to indicate fea-
tures which have been modified. The circuit parameters
are included on the drawing in order to facilitate duplica-
tion of this circuit by those skilled in the art.

The circuit of Fig. 8 shows the manner in which in-
dividual output signals may be taken from each target
electrode. Thus, terminals To, Ty, etc., may be used for
coupling output signals to external circuits. Across each
target output terminal is a neon lamp which is used for
visually indicating the condition of the counter,
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The coupling tube circuits have been modified in the
form of single shot oscillators for producing a standard
output signal to drive the switching electrodes. In this
manner the input pulse need only be sufficient to trigger
the oscillator and therefore there are less critical pulse
width tolerances necessary for providing an advance of the
beam from one target position to the next adjacent posi-
tion. The optimum switching pulse for advancing the
beam is obtained. therefore in response to input. signals at
the tubes 175’ or 176’. An external input signal is de-
rived from an external input source at terminal 200, and is
capacitively coupled by devices 124 and 125 to the respec-
tive input terminals of tubes 175’ and 176’. These tubes
operate in the well known manner of one-shot oscillators,
to produce an output signal developed respectively across
the resistive impedance devices 186’ and 188’ and to there-
by become impressed upon the plurality of switching elec-
trodes in the -even and odd sets schematically represented
at Ge and Go respectively. .

In order for the blocking oscillator tubes 175’ and 176’
to conduct and overcome the —15 volt bias potential, two
coincident signals are required at the respective input elec-.
trodes 186 or 178. One of these signals hereinbefore de-
scribed, is obtained at terminal 200 from an external
source and the other of the signals is derived internally as
developed across the respective target load impedance 114
or 115 in response to beam current. The common target
terminals 146 and 147 are decoupled from the external
signal source by means of diodes 246 and 247,

Referring again to Fig. 2 the operation thereof will be
described in detail. Assume that an electron beam orig-
inating at the cathode 41’ is impinging upon the target
electrode 11'. Assume further that it is desired to ad-
vance the electron two steps to target electrode 13". To
do this the electron beam is first advanced to the target
elecrode 12" which is next adjacent the target electrode 11°.
The electron beam is then advanced to the target electrode
13" which is next adjacent the target electrode 12’. When
the electron beam is impinging on the target electrode 11’
the potential Vg of the junction 92 is 21 volts and the
potential of the odd numbered switching electrodes which
are connected to the junction 92 is also 21 volts.  The
potential Vg’ of the junction point 84 and the even num-
bered switching electrodes is 53 volts since the electron
beam is not impinging upon any of the even numbered
target electrodes. . The potential threshold of a switching
electrode which will cause the electron beam to advance
from one target electrode to the next adjacent target elec-
trode is at about —10 volts. The potentials of both junc-
tion point 92 and 84 in the absence of a pulse from input
pulse source 78 are above this threshold value and con-
sequently will not cause the electron beam to advance.
Assume that a negative 35 volt pulse is transmitted from
the input pulse source 78 to the junction point 76. Since
the junction point 76 is coupled to the junctions 92 and
84 through capacitors 75 and 79 respectively, the potential
of the junctions 92 and 84 will be momentarily lowered by
an amount substantially equal to the value of the input
pulse from input pulse source 78. Since the value of this
input pulse is a negative 35 volts the potential at junction
92 will be —14 volts and the potential at junction 84 wiil
be H-18 volts. Tt is to be noted that the potential of
junction 92 which is connected to the odd numbered
switching electrodes is below the —10 volt threshold po-
tential whereas the potential of junction 149 which is con-
nected to the even numbered switching electrodes is above
the —10 volt threshold potential. .

It is to be noted at this time that it is possible to ad-
vance the electron beam in a tube of the type shown in
Fig. 1 by lowering the potential of all the switching elec-
trodes simultaneously for a duration of time shorter than
the time required for the electron beam to advance from
a given target electrode to the next adjacent target elec-
trode. If the potential of all the switching electrodes were
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lowered to switching potential for a greater period of time
than the time required to switch the electron beam from
one target electrode to an adjacent target clectrode the
electron beam would continue to rotate beyond' the said
adjacent target electrode. Consequently, it can be seen
that if the potential of all the control grid electrodes were
Jowered to switching potential ‘the time interval of such
lowered potentials must not be. greater than the electron
beam switching time interval.

In the circuit of Fig. 2 the electron beam switches from
target electrode 11’ to target electrode 12’ the even num-
bered target electrodes will initially be at a potential higher
than the potential required to cause the electron beam to
advance since the electron beam current will have no sub-
stantial immediate -effect on the potential of the target
electrode 12" due to the inherent capacitance in the circuit.
Consequently, the electron beam will initially be unable
to advance farther than the target electrode 12’. How-
ever, the electron beam current will, in a short interval
of time, cause the potential of the target electrode 12’
to decrease and thus canse the potential of the point 84
to decrease to a point where, when added to the decrease
in potential of the junction point 84 caused by a subse-
quent pulse from the input pulse source 78, the electron
beam will be caused to advance to the target electrode 13",

It is to be specifically noted that since it takes a finite
amount of time for the electron beam to lower the po-
tential of the junction 84 to a value where an input pulse
from source 78 would cause the electron beam to switch
from the target electrode 12’ to the target electrode 13’
the maximum time duration permissible for an input pulse
at junction. 84 is greater by that aforesaid ‘finite time
than the otherwise maximum allowable time interval.
Consequently, the input pulse requirements are not so
highly critical -that it is difficult to operate equipment in
the manner described. This is an important feature of
the invention since it permits greater reliability and less
original cost in pulse forming equipment.

Now that one pulse of the proper time duration and
amplitude has been applied to the junction 76 from pulse
source 78 the electron beam is impinging on target elec-
trode 12°.  As stated hereinbefore the odd numbered tar-
get clectrodes are at the high potential and the evea num-
bered target electrodes are at the low potential. . Conse-:
quently, when another input pulse is applied to the junction
76 from pulse scurce 78, the-even numbered switching elec-
trodes will be lowered below the threshold value to cause
the electron beam to advance to the next adjacent target
electrode 13" in the same manner. Subsequently pulses
from the source 78 will cause the electron beam- to ad-
vance from one target electrode to another in like man-
ner.

Referring now to Fig. 5 the detailed operation of the
embodiment of the invention shown therein will be de-
scribed. Assume that the electron beam is impinging on
the: first target electrode 11’ and assume further that it
is desired to advance the electron beam to the third target
clectrode 13’. When the electron beam is impinging on
the target electrode 11’ the electron beam current path
can be traced from the cathode 41’ to the target elec-
trode 11’ through the resistance 164 and the resistance
114 to the battery source 116. As described hereinbefore
the junction point 146 is then at a potential of 100 volts

and the junction point 147 is at a potential of about 250

volts. The odd numbered -switching electrodes which. are
connected to the junction 148 are also at a potential of
20 volts. The. even numbered switching electrodes are
at a potential of 50 volts. ‘When a negative 35 volt pulse
is applied to the junction 152 from the input pulse source
135, the junction points 148 and 149 will be lowered by
an amount substantially equal -to the value of the negative
input pulse from input source 135, This will lower the
potential of junction 149 and-therefore that of the even
numbered switching electrodes . will be -about 15 wvolts
which is above the threshold value necessary to cause the
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electron beam to step from one target electrode to an ad-
jacent target electrode. The negative input pulse from
source 135 will lower the potential of junction 148 to
—15 volts which s below the threshold value and con-
sequently will cause the electron beam to advance from
the target electrode 11" to the target electrode 12, As
in the case of Fig. 2 the pulse from pulse source 135 must
be within definite width and amplitude ranges in order
to prevent the electron beam from continuing to advance
beyond . the target electrode 127, This range depends
upon the characteristics of the switching tube used and
may easily be found by varying the width of the input
pulse to determine the best operating. range. When the
clectron beam is impinging on the. target electrode 12
and after the cessation of the first input pulse from input
pulse source 135, the even numbered switching electrodes
are at a potential of 20 volts and the potential of the odd
numbered control grid electrodes is. 50 volts.. Both of
these potentials are above the threshold potential and con-
sequently, the electron beam will not be caused to ad-
vance. A second pulse applied to the junction 152 from
pulse source 135 will cause the electron beam to ad-
vance from the target electrode 12’ to the target electrode
13’. This will result in the even numbéred.switching
electrodes having a potential of 50 volts and the odd num-
bered switching electrodes having a potential of 20 volts.
Subsequent pulses applied to the junction 152 will cause
the electron beam to advance consecutively from target
electrode to target electrode.

- Referring now to Fig. 7, the operation of the circuit
shown  therein will be described.. Assume that electron
beam is impinging on the target electrode 11’. The po-
tential of the junction point 74 at this time is at low po-
tential, and likewise the potential of the grid 178 of tri-
ode 176. The normally cutoff plate 177 of the triode
176 ‘which is. connected to the even numbered control
grid electrodes remains at.a fixed high potential due to
the cutoff and does not provide a signal through capacitor
183 for overcoming the beam switching threshold poten-
tial even when a positive pulse arrives from source 184.
The potential of the junction 82 is high however since the
electron beam is not impinging on an even numbered tar-
get electrode. The potential of the grid 186 of the triode
175 -which is connected to the junction 82 is therefore
also high so that a positive input pulse causes the triode
to conduct. - The changing potential of the plate 185 of
the triode 175 is therefore transmitted to the odd num-
bered switching electrodes because of capacitor 191, and
consequently, the threshold switching potential is reached.
It is to be noted that when the potential of the odd num-
bered switching electrodes is lowered, that of the even
numbered switching electrodes remains fixed at a value
substantially greater than the threshold potential because
triode 176 remains cut off. As the potential of the odd
numbered switching electrodes is'driven below the thresh-
old value, the electron beam will be caused to advance
from the odd numbered target electrode 11’/to the even
numbered target electrode 12’. The potential of the even
numbered switching electrodes, it will be noted, is more
positive than the threshold potential and consequently the
electron beam will not be caused to advance until a suc-
ceeding input pulse comes from source 184.

When the electron beam is impinging on the even num-
bered target slectrode 12’ the grid 186 of triode 175 is at
a low potential and the grid 178 of triode 176 is at a
high potential. Thus, the triodes 175 and 176 respectively
are at high and low potential for operation conversely to
the manner described .hereinbefore. Subsequent pulses
impressed upon the grids 186 and 178 of triodes 175 and
176 respectively will cause the electron beam to advance
consecutively from target electrode to target electrode.

In Fig. 8 the pulse shaping single shot oscillator circuits
operate similarly. . However, less- critical operation is
obtained because the feed-back pulses together with the
input pulses, need only trigger: the oscillator, which there-
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after ascertains a positive switching action with a stand-
ardized pulse. ’

It is to be understood that the forms of the invention
shown herein are but preferred embodiments of the same
and that various changes may be made in the circuit con-
stants and circuit arrangements without departing from
the spirit or scope of the invention.

What is claimed is:

1. An electronic system comprising a multi-position
magnetron beam switching tube having a beam forming
structure, the tube having a plurality of beam receiving
targets to accept the beam in any of its positions, a target
impedance device coupled to each of said beam receiving
targets, the tube further having switching means to cause
the beam to advance from one target position to another,
potential dividing means coupled to derive a first gating
potential from an electrode upon which the beam is im.
pinging, an external source providing a second gating po-
tential, and a potential divider circuit operating the switch-
ing means to cause the beam to switch from one target po-
sition to another only in response to both said gating po-
tentials, wherein the tube has two alternate sets of switch-
ing elements and two corresponding sets of targets, and the
potential divider circuit comprises an impedance dividing
network coupling individual target impedance devices of
one set of targets to a common input impedance element
for one set of switching electrodes,

2. A system as defined in claim 1 wherein the tube
has two alternate sets of switching elements and two
corresponding sets of targets, and wherein a target po-
tential source is supplied, and an impedance network is
provided including a first impedance element providing a
main beam current bath from target potential source to
each set of targets, a separate impedance element for each
target coupled to said first impedance element, the voli-
age dividing network being coupled from said first im-
pedance element, and including an input impedance ele-
ment for one set of switching electrodes, and connections
between the input impedance element and one set of
switching elements.

3. A system as defined in claim 2 wherein an ampli-
fier device couples the voltage dividing network to the
input impedance element. )

4. A system as defined in claim 3 wherein the ampli-
fler device is in the form of a one-shot oscillator tube
providing a shaped output pulse.

5. An electronic. system comprising a multi-position
electron beam switching tube, said multi-position electron
beam switching tube comprising an elongated cathode
and a plurality of compartments arranged concentrically
around said elongated cathode, said plurality of compart-
ments comprising a set of even numbered electrodes and a
set of odd numbered electrodes, each of said compart-
ments defined by two adjacent elongated spade electrodes,
one of the spades being adapted to cause the beam to
impinge upon an associated elongated target electrode,
and an elongated switching electrode adapted to cause the
beam to move to the other of the spades, the plurality of
elongated spade electrodes being positioned concentrically
around said cathode and spaced a distance apart from
each other, the plurality of target electrodes being po-
sitioned concentrically around said plurality of spade
electrodes and spaced apart from each other and between
two adjacent spade electrodes so that one each of said
target electrodes will intercept a path from said cathode,
the plurality of switching electrodes being positioned con-
centrically around said cathode and further individually
positioned betwene individual ones of said plurality of
target electrodes and the other of said spade electrodes,
means to create a magnetic field substantially parallel to
the cathode, means comprising a source adapted to apply
a potential on said spade electrodes, a target potential
source, a plurality of target impedance means individually
connecting each of the odd target electrodes to said tar-
get potential source, a junction point upon the targst im-
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pedance means, a feedback circuit connecting said junc-
tion point to the odd numbered switching electrodes, a
further plurality target impedance means individually con-
necting each of said even target electrodes to said target
potential source, a common junction point upon each of
the further target impedance means, a further feedback
circuit connecting the last mentioned junction point to
the even numbered switching electrodes, and an input
pulse source common to all of said switching electrodes.

6. In an electronic system comprising a multiple po-
sition electron beam position switching tube having a
cathode, a plurality of target electrodes, a plurality of
beam locking spade electrodes each being individually’
associated with a target electrode, and a plurality of
switching electrodes each being associated with .a par-
ticular target electrode and adapted to cause the beam
to step to a further target electrode, a circuit for causing
the electron beam of said multiple position electron beam
position switching tube to step consecutively along its
multiple positions comprising in combination, a power

-supply, a circuit coupling the target and switching elec-

trodes into two distince sets, each set comprising alternate
electrodes, a plurality of impedance elements individually
connecting each of the target electrodes of a first set of
targets to said power supply, each of said impedance ele-
ments having a junction point, a further impedance ele-
ment connecting the switching electrodes associated with
the first set of targets to said junction point, a second plu-
rality of impedance elements individually connecting each
{of the target electrodes in the other set to the power sup-
ply, each of said further impedance elements having a
junction point, impedance elements connecting the switch-
ing electrodes associated with the targets in the other set
to the last mentioned junction point, and an input pulse
source common to all the switching electrodes.

7. An electronic system comprising a multiple posi-
tion electron beam switching tube and first means for
causing the electron beam of the multiple position elec-
tron beam to step consecutively from position to position
of its multiple positions, said multiple position electron
beam switching tube comprising an enlongated cathode
means, a first plurality of beam receiving compartments
and a second plurality of beam receiving compartments,
said first and second pluralities of compartments being
arranged concentrically in a single circular row around
said elongated cathode means, each of said compartments
of said first plurality of compartments being arranged in
alternate manner. in said circular row with each of the
compartments of said second plurality of compartments,
each of said compartments further being determinative
of one position of the multiple positions of the electron
beam of the multiple position electron beam switching
tube, each of said compartments comprising an elongated
target electrode, an elongated spade electrode, and an
elongated switching electrode positioned substantially
parallel to the said elongated cathode means, means
adapted to create a magnetic field substantially parallel
to the said elongated cathode means, said first means com-
prising first potential means adapted to impress a poten-
tial on said spade electrodes, second potential means, a first
plurality of resistive circuits individually connecting each
of the target electrodes in said first plurality of compart-
ments to said second potential means, a second plurality
of resistive circuits individually connecting each of the
target electrodes in said second plurality of compartments
to the said second potential means, a first junction point
common to all of the said first plurality of resistive cir-
cuits, a second junction point common to all of said sec-
ond plurality of resistive circuits, circuit means connect-
ing all of the switching electrodes of the said first plurality
of compartments to the said first junction point, a further
circnit means connecting all of the switching electrodes
of the said second plurality of compartments to the sec-
ond junction point, an input pulse source, means to cou-
ple said input pulse source to the switching electrodes of
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said first plurality of compartments, further means to
couple said input pulse source to the switching electrodes
of said second ‘plurality of compartments, the ‘resistive
circuits having such values. that the potential of said first
or second . junction point upon the coincidence of the
electron beam impinging upon an associated target elec-
trode and the transmission of an input pulse from the
said input pulse source change the potentials of the asso-
ciated switching electrodes enough to cause the elec-
tron beam to advance.

8. An electronic system comprising a multiple position
electron beam switching tube and a means for causing
the electron beam of said multiple position electron beam
switching tube to step consecutively from position to posi-
tion of its multiple positions, said multiple position elec-
tron beam tube comprising an elongated cathode, a first
plurality of beam receiving compartments, a second plu-
rality of beam receiving compartments, said first. and
second plurality .of compartments being arranged with
individual compartments alternately disposed in a single
circular row around said elongated cathode means, each
of said compartments comprising an elongated target elec-
trode, an elongated spade electrode, and an elongated
switching electrode, means to provide a magnetic field
substantially parallel to the said elongated cathode, said
means for causing the beam to step comprising potential
means, a first plurality of resistive circuits each indivi-
dually connecting individual ones of the target electrodes
of the said first plurality of compartments to the positive
terminal of the potential means, a second plurality of re-
sistive circuits each individually connecting 'individual
ones of the target electrodes of the said second plurality
of anode means to the positive terminal of said potential
means, a first junction point common to all of the said
first plurality of resistive circuit means, a second -junc-
tion point common to all of the said second plurality of
resistive circuit means, a third resistive circuit connecting
the said first common junction point to the switching elec-
trodes of the said first plurality of compartments, a fourth
resistive circuit connecting the said second common junc-
tion to the switching electrodes of the said second plu-
rality of compartments; an input pulse source compris-
ing an output ferminal, a first coupling means coupling
the output terminal of the said input pulse source to the
switching electrodes of the said first plurality ‘of compart-
ments, a second coupling means coupling the output
terminal of the said input pulse source to the switching
electrodes of the said second plurality of compartments,
the values of said potential source and the sajid first and
second resistive circuits being such that the switching
electrodes associated with the plurality of compartments
upon one of which is impinging the electron beam will
be at a potential which in cooperation with a pulse trans-
mitted from the said input pulse source will cause the
electron beam to advance to the next adjacent compart-
ment, and the values of said potential source and the said
first and second resistive circuits further being such that
the switching electrode. associated with the plurality .of
compartments upon which the electron beam is not im-
pinging will be at such a potential that a pulse transmitted
from the said input pulse source will not thereby lower
the potential enough to cause an impinging electron beam
to-advance.

9. An electronic system comprising a_multiple position
electron beam switching tube and means for causing the
electron beam of said multi-position electron beam switch-
ing tube to step consecutively frem one of its multiple po-
sitions to -another, said multiple position electron beam
switching tube comprising an elongated cathode, a first
plurality - of odd numbered beam . receiving compart-
ments, and a second plurality of even numbered beam re-
ceiving ‘compartments, said first and second pluralities
of compartments having individual compartments -ar-
ranged in alternation concentrically arouad. said: elon-
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gated cathode, each of said compartments comprising an
elongated spade electrode, an elongated target electrode,
and an elongated switching electrode, the spade electrodes
of the said first and second pluralities of compartments be-
ing -arranged concentrically around the said elongated
cathade and spaced a distance apart, the target electrodes
of said first and second pluralities of compartments being
positioned concentrically around said  elongated cathode
and further being positioned in such a manner that each
individual one of said target electrodes will intercept any
portion of the electron beam passing through individual
ones of the spacings between adjacent spade electrodes,
the switching electrodes of each of said pluralities of
anode means being positioned concentrically around said
elongated cathode in such a manner that each individual
one of said switching electrodes is positioned between a
spade electrode and -a target electrode, said means for
causing the beam to step comprising a potential source,
a first junction point, a first plurality of resistive means
connecting individual enes of said target electrodes of
said first pluralify of compartments to said first junction
point, a second plurality of resistive means, one each of
said second plurality of resistive means connecting in-
dividual ones of the target electrodes of the said first plu-
rality of compartments to a said potential source, a second
junction point, a third plurality of resistive means, one
each of said third plurality of resistive means connect-
ing individual ones of the target electrodes of the said
second plurality of compartments to the said second
junction point, a fourth plurality of resistive means, one
each of said fourth plurality of resistive means connecting
individual ones of said target electrodes of the said sec-
ond plurality of compartments to said potentia] source, a
first voltage divider network connecting the said first junc-
tion point to said potential source, said first veltage divider
network comprising a first tap, the switching electrodes of
said first plurality of compartments being comnected to
said first tap, a second voltage divider network connecting
said second junction point to said potential source, said
second voltage divider network comprising a second tap,
the switching electrodes of said second plurality of anode
means being connected to the said second tap, an input
source common to both said first tap and said second
tap, the values of said potential source, said resistive
means, and said voltage divider networks being propor-
tioned to cause the potential of the switching electrodes
of that one of said first or second pluralities of compart-
ments upon one compartment of which the electron beam
is impinging to assume a potential which when a pulse
is transmitted from the said input pulse source will cause
the electron beam to advance to the next adjacent com-
partment.

10. An electronic system comprising a multiple. posi-
tion electron beam switching tube and a first means for
causing the electron beam to advance from position to
position’ of its .multiple positions, said multiple position
electron beam switching tube comprising an elongated
cathode means, a first plurality of anode means, and
a second plurality of anode means, said first and second
pluralities .of anode means being arranged in -alternate
manner concentrically around the said elongated cathode
means, each of the said anode means comprising an elon-
gated spade electrode, and an elongated target electrode,

- and an elongated control grid electrode, the spade elec-

trode of said first and second pluralities of anode means
being arranged concentrically around said elongated cath-
ode means and spaced a distance apart, said target clec-
trodes of said first and second anede means being posi-
tioned concentrically around said elongated spade elec-
trode in such a manner that each individual one of said
elongated target electrodes is positioned across the indi-
vidual spacings between adjacent one of said elongated
spade electrodes, said control grid electrodes being ar-
ranged concentrically around elongated cathode means
and individnally positioned one each between the target
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electrode of the same anode means and the edge of the
spade electrode of the next adjacent anode means, and
a second means adapted to create a magnetic field sub-
stantially parallel to the said elongated cathode means,
said first means comprising a first junction point, a first
plurality of resistive means each individually connecting
one of the target electrodes.of the said first plurality
of anode means to the said first junction point, a second
junction point, a second plurality of resistive means, each.
individually connecting one of the target electrodes of the
said second plurality of anode means to the said second
junction point, a potential source, a third resistive means
connecting the said first junction point to a first terminal
of said potential source, a fourth resistive means connect-
ing the said second junction point to the first terminal of
the said potential source, a first voltage divider means
having a first tap therein connecting the said first junc-
tion point to the second terminal of the said potential
source, the tap of said first voltage divider being con-
nected to the control grid electrodes of the first plurality
of anode means, a second voltage divider means com-
prising a second tap therein connecting the said second
junction point to the second terminal of the said poten-
tial ‘source, said second tap being connected to the con-
trol grid electrodes of the said second plurality of anode
means, an input pulse source comprising an output ter-
minal common to both the said first tap and the said
second tap, the values of the potential source, the said
resistive means, and the said voltage divider means being
such that the control grid electrodes of the first or second
plurality of anode méans upon one of which the electron
beam is impinging will have a potential such as to cause
the electron beam to advance to the next adjacent anode
means when a pulse is transmitted from the said input
pulse source.

11. An electronic system comprising a multiple posi-
tion electron beam switching tube and a first means for
causing the electron beam to advance from position to
pos@tion of its multiple positions, said multiple beam
position switching tube comprising an elongated cathode
means, a first plarality of anode means, and a second
p}ur-ality of anode means, said first and second plurali-
ties of anode means being arranged in alternate manner
concentrically arcund the said elongated cathode means,
each of the said anode means comprising an elongated
spade electrode, an elongated target electrode, and an
elongated control grid electrode, said spade electrodes of
said first and second pluralities of anode means being
arranged concentrically around said elongated - cathode
means and spaced a distance apart, said target electrodes
of said first and second pluralities of anode means being
arranged concentrically around said spade electrodes and
individually positioned to extend across individual spac-
ings between adjacent pairs of spade electrodes with re-
spect to said elongated cathode means, said control grid
electrodes of said first and second pluralities of anode
means being arranged concentrically around - said
elongated cathode means and being individually positioned
between the edge of a spade electrode of a particular
anode means and the target electrode of the anode means
preceding said particular anode means, and a second
means to provide a magnetic field substantially” parallel
to the said elongated cathode means, said first means
comprising a potential source, a first resistive network
connecting the target electrodes of the said first plurality
of anode means to the said potential source, a first feed-
back: circuit connecting the said first resistive network
to the said control grid electrodes of the said first plurality
of anode means, a second resistive network connecting
the target electrodes of the said second plurality of anode
means to the said potential source, a second feedback
circuit connecting the said second resistive network to
the control grid electrodes of the said second plurality of
anode means, an input pulse source common to all of
the control grid electrodes of the first plurality of anode
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means when the électron béam is impinging on one of
said first plurality of anode means being such that when
a pulse is transmitted from the said input pulse source
the electron beam will be caused to advance to the next
anode means of the said sécond plurality of anode means,
and the potential of the control grid electrodes of the said
second plurality of anode means when the electron beam
is impinging on ome of said second plurality of anode
means being such that when a pulse is transmitted from
the said inpit pulse source, the electron beam will be
caused to advance to next anode means of the said first
plurality of anode means.

12. An electronic system comprising a multiple posi-
tion electron beam switching tube and a first means for
causing the electron beam to advance from position to
position of its multiple positions, said multiple beam
position switching tube comprising an elongated cathode
means, a first plurality of anode means, and a second
plurality of anode means, said first and second pluralities
of anode means being arranged in alternate manner con-
centrically “around the said elongated cathode means,
each of the said anode means comprising an elongated
spade electrode, an elongated target electrode, and an
elongated control grid electrode, said spade electrodes
of said first and second pluralities of anode means being
arranged concentrically around said elongated ecathode
means and spaced a distance apart, said target electrodes
of said first and second pluralities of anode means being
arranged concentrically around said spade electrodes and
individually positioned to extend across individual spac-
ings between adjacent pairs of spade electrodes with re-
spect to said elongated cathode means, said control grid
electrodes of said first and second pluralities of anode
means being arranged concentrically around said- elon-
gated ‘cathode means and being individually positioned
between the .edge of a spade electrode of-a particular
anode means and the target electrode of the anode means
preceding said particular anode means, and a second
means to provide a magnetic field substantially parallel
to the said elongated cathode means, said first -means
comprising a first resistive feedback circnit connecting
all of the target electrodes of the said first plurality of
4anode means to the control grid electrodes of the said
first plurality of anode means, a second resistive feedback
circuit connecting all of the target electrodes of said .
second plurality of anode means to the control grid
electrodes of the said second plurality of anode means, a
potential source adapted to energize the said target elec-
trodes of the said first and second pluralities of anode
means, said potential source being connected to said
target electrodes through at last a portion of said first
and second resistive means, an input pulse source com-
mon to all the control grid electrodes, the potential of
said control grid electrodes of said first plurality of anode
‘means when the electron beam is impinging upon one of
the target electrodes of said first plurality of target elec-
trodes being such that when a pulse is transmitted from
the said input pulse source the electron beam will be
-caused to advance to the next appearing target electrode
of the said second plurality of anode means in the circular
row of target electrodes, and the potential of said-con-
trol grid electrodes of said second plurality of anode
means when the electron beam is impinging upon one of
the target electrodes of said second plurality of target
electrodes, being such that when a pulse is transmitted
from the said input pulse source the ‘electron beam will
be caused to advance to the next appearing target elec-
trode of the said first plurality of anode means in the
circular row of target electrodes.

13. An electronic system comprising a multiple posi-
tion electron beam switching tube and a first means for
causing the electron beam to advance from position to
position of its multiple positions, said multiple beam
position switching tube comprising an elongated cathode
means, a first plurality of anode means, and a second
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plurality of anode means, said first and second pluralities
of anode means being arranged in alternate manner con-
centrically around the said elongated ¢athode means, each
of the said anode mean$ comprising an elongated spade
electrode, an elongated target electrode, and an elongated
control grid electrode, said spade electrodes of said first
and second pluralities -of anode means being arranged
concentrically around said elongated cathode means and
spaced a distance apart, said target electrodes of said first
and second pluralities of anode means being arranged
concentrically around said spade electrodes and individual-
ly positioned to extend. across individual spacings be-
tween adjacent pairs of spade electrodes with respect to
said elongated cathode means, said control grid electrodes
of said first and second pluralities of anode means being
arranged concentrically around said elongated cathode
means and being individually positioned between the edge
of a spade electrode of a particular anode means and the
target electrode of the anode means preceding said par-
ticular aniode means, and a second means fo provide a
magnetic field substantially parallel to the said elongated
cathode means, said fifst means comprising a potential
source, @ first resistive network connecting the target
electrodes of the said first plurality of anode means to
the said - potential source, a second resistive network
connecting the target electrodes of the said second plu-
rality of anode means to the said potential source, a first
feedback circuit connecting one of said resistive networks
to the control grid-electrodes of said first plurality of
anode means, a second feedback circuit connecting: the
other of said resistive networks to-the control grid elec-
trodes of the second plurality of anode means, an input
pulse source common to both the control grid electrodes
of said feedback circuits adapted to create a potential
on the control grid electrodes of said first plurality of
anode means when the electron beam is impinging upon
a target electrode thereof which in cooperation with a
pulse from said input pulse source will cause the electron
beam to advance to the mext adjacent target electrode
and adapted to create a second potential onthe control
grid electrodes of the said second plurality of anode
means when the electron beam is impinging on a target
electrode of said first plurality of anode means which
when a pulse is transmitted from the said input pulse
source will not tend to cause the electron beam to ad-
vance, said feedback circuits further adapted to create
said potential on the control grid electrodes of the said
second plurality of anode means when the electron beam
is impinging on a target electrode thereof, which when a
pulse is transmitted from the input pulse source will
caiise the electron beam to advance to the next adjacent
target electrode, and said feedback circuits further adapted
to create a potential on the control grid electrodes of the
said first plurality of anode means when the electron beam
impinges on a target electrode of said second plurality of
anode which when a pulse is transmitted from the input
pulse source, will not tend to cause the electron beam to
advance.

14. An electronic system cpmprising a multiple posi-
tion electron beam switching tube and a first means for
causing the electron beam to advance consecutively from
position to position of its multiple positions, said multiple
beam position switching tube comprising an elongated
cathode means, a first plurality of anode means, and a
second plurality of anode means, said first and second
pluralities of anode means being arranged in alternate
manner concentrically around the said elongated cathode
means, each of the said anode means comprising an elon-
gated spade electrode, an elongated target electrode, and
an elongated control grid electrode, said spade electrodes
of said first and second pluralities of anode means being
arranged concentrically around said elongated cathode
means and spaced a distance apart, said target electrodes
of said first and second -pluralities of anode means being
arranged concentrically around said spade electrodes and
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individually positioned to extend across individual spac-
ings between adjacent pairs of spade electrodes with re-
spect 1o said elongated cathode imeans, said control grid
electrodes of said first and second plutalities of anode
means being arranged concentrically around said elon-
gated cathodé means and being individually  positioned
between the edge of a spade electrode of a particular
anode means and the target electrode of the anode means
preceding said particular anode means, and a second means
to provide a magnetic field substantially parallel to the
said elongated cathode means, said first means compris-
ing a potential source, a first resistive network connecting
the target eléctrodes of said first plurality of anode means
to the said potential souice, a second resistive network
connecting the target electrodes of said second plurality
of anode means to said potential source, said first and
second resistive networks each comprising a tap individual
thereto, first feedback circuit connecting the tap of the
said first resistive network to the control grid electrodes
of said second plurality of anode means, a second feed-
back circuit connecting the tap of the said second resis-
tive network to thé control grid electrodes of the said
first plurality of anode means, and an input pulse source
common to the control grid electrodes of said first plu-
rality of anode means and to the control grid electrodes
of said second plurality of anode means, the said feed-
back circuits being adapted to create a potential on the
control grid electrodes of said second plurality of anode
means when the electron beam is impinging upon a target
electrode of the said second plurality of anode means
which, in cooperation with-a pulse from the said input
pulse source, will cause the electron beam to advance
to the next adjacent target electrode and being adapted
to create a potential on the control grid electrodes of
said first plurality of anode means when the electron beam
is impinging upon a target electrode of the said second
plurality of anode means which when a pulse is trans-
mitted from the said input pulse source, will not. tend to
cause the electron beam to advance, said feedback circuit
means further being adapted to create a potential: on
the control grid electrodes of said first plurality of anode
means when the electron beam is impinging upon a target
electrode of the said first plurality of anode means, which
in cooperation with a pulse from said input pulse source
will cause the electron beam to-advance to the next ad-
jacent target electrode and being adapted to.create 2
poteritial on the control grid electrodes of said second
plurality of anode means when the electron beam is
impinging upon a target electrode of the said first plu-
rality of anode means, which when a pulse is transmitted
from the said input pulse source, will not tend to cause
the electron beam to advance.

15. An electronic system in accordance with claim 14
in which said each of said first and second feedback cir-
cuits comprises a vacuum tube circuit, said vacuoum tube
circuit comprising a cathode, a grid, an anode means, an
anode potential source, and an anode resistance, said
grid of said first féedback circuit means being connected
to the tap of the resistance of said first resistive network,
said anode of said first feedback circuit means being con-
nected to the control grid electrodes of said second plu-
rality of anode means, said grid of said second feedback
means being connected to the tap of said second resistive
network, said anode of said second feedback circuit means
being connected to the control grid electrodes of said first
plurality of anode means, said’ anode potential source
and said anode resistance of each of said feedback circuit
means being ‘connected across said anode of cathode of
the ‘associated vacuum tubes.
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