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1

This invention relates to systems for control-
ling the direction of the electron beam in a
cathode ray device, and particularly to such sys-
tems employing a voltage-distributing network in
conjunction with a plurality of beam-deflecting
electrodes.

In one type of deflection system for use with a
cathode ray tube a plurality of field-producing
electrodes is provided in such a manner that the
electrodes are uniformly spaced around the path
of the electron beam. In order for these elec-
trodes to produce the desired field it is necessary
to impress respective voltages thereon having
magnitudes dependent upon the location of the
electrodes relative to one another. One voltage-
distributing network which has been successfully
employed consists of a balanced bridge arrange-
ment of a plurality of impedance devices. Voltage
sources connected to conjugate corner points of
the network and the field-producing electrodes
are coupled to intermediate network points.

Usually, in order to completely control the di-
rection of the electron beam it is necessary to im-
press {wo types of voltages upon the field-produc-
ing electrodes. A substantially constant unidirec-
tional voltage is employed to orient the beam
properly relative to a target electrode. System-
atic deflection of the beam relative to the target
-electrode is accomplished by impressing an al-
ternating voltage of predetermined wave form
upon the field-producing electrodes. In one form
of device which has been used, a voltage-distrib-
uting network for the unidirectional voltage and
another voltage-distributing network for the al-
ternating voltage have been employed. Such an
arrangement operates satisfactorily and is quite
economical with respect to power consumption
from the various voltage sources. Systems of this
type, however, require a great number of circuit
components which are costly, occupy considerable
space in the equipment and require extensive
labor in assembly. i

Consequently, a modified form of such a system
has also been used. In this modification a single
voltage-distributing network is employed both
for the unidirectional and for the alternating volt-
ages. 'The number of circuit components required
is materially reduced, but such systems have been
found to operate at a lower efficiency from the
standpoint of power consumption. In order to
minimize the dissipation of the unidirectional
power in the apparatus for furnishing the alter-
nating deflecting voltages, direct current block-
ing condensers are required in the coupling be-
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tween the alternating voltage source and voltage-
distributing network. Such components do not
add to the power consumption in such a system.
However, in order to minimize the dissipation of
the power developed for deflecting the electron
beam in the apparatus for supplying the unidi-
rectional voltage, it has been found necessary
to employ isolating resistors in the coupling be-
tween the unidirectional voltage source and the
voltage-distributing network. Apparatus of this
character does consume power without contribut-
ing to the control of the electron beam and, there-
fore, adversely affects the efficiency of the sys-
tem.

It is an object of the present invention, there-
fore, to provide a system employing a single volt-
age-distributing network for the control of an
electron beam to which may be coupled both uni-
directional and alternating voltage sources and
which is capable of operating with a minimum of
power 1oss.

Another object of the invention is to provide a
novel system for impressing electron beam-con-
trolling voltages upon a plurality of field-produc-
ing electrodes wherein a single voltage-distribut-
ing network is used for both unidirectional and
alternating voltages and in which the magnitude
and polarity of the unidirectional voltage may be
controlled by electron discharge devices.

In accordance with this invention, there is pro~
vided a system for controlling the direction of an
electron beam which comprises a plurality of
field-producing electrodes uniformly spaced
around the path of the beam. In order to suit-
ably energize these electrodes to produce the de-
sired field, there also is provided a voltage-dis-
tributing network comprising a balanced bridge
arrangement of a plurality of impedance devices.
The network is so formed that it has two pairs of
corner points and a plurality of intermediate tap
points, the latter of which are coupled respec-
tively to the field-producing electrodes. The uni-
directional voltages are impressed upon the net-
work corner points through the space discharge
paths of two pairs of electron discharge devices.
The source of space current for the two pairs of
electron devices serves as the source of unidirec-
tional voltage for the field-producing electrodes.
In addition there are provided facilities for vary-
ing the conductivity of the two electron devices of
each pair in a manner, whereby the polarity and:
magnitude of the unidirectional voltages im-
pressed upon the corner points of the network
may be varied as desired.
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More specifically in accordance with one illus-
trative embodiment of the present invention, the
electron discharge devices may be pentodes op-
erated in a manner to present a relatively high
impedance to alternating currents. The space
current for each pair of tubes is derived from
& source of undirectional voltage and is impressed
upon the space discharge paths of the tubes
through two impedance devices which are effec-
tively connected across a pair of network corner
points. Space current conduction.in the two pen-
todes of each pair is varied by suitably changing
the contro] grid-to-cathode voltages of the tubes.

In accordance with another illustrative em-
bodiment of the invention, the electron discharge
devices are diodes provided with thermionic
cathodes. The space current for the diodes is
derived from a source of unidirectional voltage
and is conducted to the tubes through another
pair of diodes which alsc have thermionic cath-
odes. The heater elements of the four diodes are
interconnected and the current supply thereto
is suitably controlled to vary the conductivity of
the tubes and, therefore, the magnitude and
polarity of the unidirectional voltage impressed
upon the voltage-distributing network.

By using electron discharge devices to couple
the unidirectional voltage to the network, they
may be so operated as to have a high impedance
for alternating voltages. Consequently, the
alternating deflecting voltages may also be cou-
pled to the network corner points by condensers.
In such an arrangement substantially none of the
rower of either of the two types of voltage sources
is dissipated in the other type of source.

For a better understanding of the invention,
together with other and further objects thereof,
reference is made to the following description
taken in connection with the accompanying
drawings, and its scope will be pointed out in the
appended claims.

In the accompanying drawings:

Fig. 1 is a circuit diagram of an embodiment
of the invention employing pentodes for regu-
lating the unidirectional voltage impressed upon
the network; and,

Fig. 2 is a circuit diagram illustrating another
embodiment of the invention using diodes for the
impression of the unidirectional voltages upon
the network.

Reference will now be made to Fig. 1 of the
drawings. 'The invention is disclosed herein for
supplying the necessary voltages to the field-
producing electrodes of a cathode ray tube such
as an image dissector type of television tube.
Such a tube is shown herein fragmentarily. An
image dissector tube Ii is shown in transverse
section. On the inside of the tube envelope there
is provided a plurality of elongated field pro-
ducing electrodes I to VIII. These electrodes
surround the path of the electron beam from
the cathode source of the electrons to a target
electrode which in the case of the dissector is
an apertured anode (not shown). Preferably
these electrodes extend along the path of the
beam from the plane of the cathode to the plane
of the anode. In the form of device shown in
this figure the electrodes are located symmet-
rically with respect to the vertical and horizontal
axes of the tube in such a manner that none of
the electrodes lie on either of these axes. This
arrangement, however, is not material, particu-
larly as regards the present invention.

A voltage-distributing - network (2 is provided
for impressing the proper voltages upon the tube
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electrodes so as to produce the desired electron
beam-controlling field. The network comprises
four substantially identical impedance branches
13, 14, {5 and 16. These branches are arranged
as shown in a series connection forming a closed
loop. Corner points of the network are formed
at the junctions of two branches. The corner
points 17—18 and (9—21 are used for the con-
nection of the beam-controlling voltage sources
to the network in a manner to be described. Each
branch of the network is provided with a plural-
ity of intermediate tap points for connection to
the field-producing electrodes. For example, the
branch {3 is provided with tap points 22 and
23 which are connected respectively to the elec-
trodes T and II. The impedance values of each
of the components of the network branches are
chosen so as to properly proportion the voltages
applied to the field-producing electrodes for the
production of a homogeneous, substantially con-
stant intensity field in the path of the electron
beam. )

A source 24 of low frequency deflecting voltage
is coupled by condensers 25 and 26 to the net-
work corner points 19 and 21. Similarly a source
27 of high frequency deflecting voltage is cou-
pled by condensers 28 and 29 to the network
corner points 7 and {8 respectively.

The unidirectiona)l voltage for impression upon

the corner points 18—21 is controlled by a pair
of vacuum tubes 31 and 32, the anodes of which
are directly coupled to these corner points. Pref-
erably these tubes are pentodes such as RCA type
68J7 or equivalent tubes having reiatively high
Impedances for alternating currents. The tubes
should be chosen for substantially identical op-
erating characteristics. Space current for the
tubes is supplied by .a source of unidirectional
voltage such as a battery 33. The positive ter-
minal of this battery is connected through sub-
stantially identical resistors 34 and 35 to the
anodes of the tubes 31 and 32, respectively, The
negative terminal of the battery 33 is connected
through a potentiometer 36 and its sliding con-
tact 87 to the cathodes of the tubes 31 and 32,
respectively. The positive and the negative ter-
minals of the battery 33 are by-passed to ground
through condensers 38 and 39, respectively. The
suppressor grids 41 and 42 respectively of the
tubes 81 and 32 are connected to their asso-
ciated cathodes. The screen grids 43 and 44
respectively of the tubes 31 and 32 are coupled
together through a resistor 45 to the positive
terminal of the battery 33. The control grids
46 and 47 respectively of tubes 81 and 32 are
connected to the negative terminal of the bat-
tery 33. )
Another pair of vacuum tubes 48 and 49 is pro-
vided for impressing a unidirectional voltage up-
on the corner points 1T—18.. The respective an-
odes of these tubes are connected to these corner
points. In all other respects the connections of
the tubes 48 and 43 are identical to. those for the
tubes 31 and 32 and, therefore, will not be de-
scribed in detail. Space current for the tubes 48
and 49 may also be derived from the battery 33
through substantially identical resistors 51 and
52. This space current is also eaused to traverse
a potentiometer 53 and its sliding contact 54 con-
necting the cathodes-of the tubes 48 and 48 to the
negative terminal of the battery 33.

The conductivity of each pair of vacuum tubes
may be independently controlled by suitable ma-
nipulation of the sliding contacts 37T and 54, re-
spectively, of the potentiometer 36 and 53 in a



manner to be described whereby to vary the uni~
_directional voltages impressed upon the respective
pairs of corner points of the network 2.
Referring now to the operation of the embodi-
ment of the invention shown in Fig. 1, there will
be briefly considered first the function of the volt-
age-distributing network 2. The character of
this network is such that a voltage impressed up-
on any pair of corner points is distributed and
impressed upon the tube electrodes in such a

10

manner that they all contribute to the production -

of & homogeneous field of substantially. uniform
intensity in the path of electron beam. Inasmuch
as the network is a balanced bridge arrangement,
a voltage impressed upon one pair of corner
points is entirely decoupled from the voltage im~
pressed upon the other pair of corner points.
Consequently, components of these two -voltages
may be impressed simultaneously upon all of the
tube electrodes to produce a composite field of the
character required to effect the desired control of
the electron beam.

Considering only the cyclically varying deflect-
ing voltages impressed upon the network 12 from
the voltage sources 24 and 21, the component of
the field produced by the electrodes under the
control of the high frequency deflecting voltage
impressed upon the corner points iT—18 varies
in intensity according to a saw-tooth function at
a relatively rapid rate, whereby to effect line
scansion by the electron beam. At the same time,
the low frequency deflecting voltage impressed
upon the corner points 18—21 effects a variation
in one of the field components at a relatively slow
rate, whereby to effect field or frame scansion by
the electron beam.

Tn order to suitably orient the beam relative to
a target electrode to produce suitable deflection
of the beam, unidirectional voltages are im-
pressed upon the respective pairs of network cor-
ner points, The resistors 34 and 35 are effectively
connected across the source of low frequency de-
flecting voltage so that they additionally load
this voltage source. However, by using as re-
sistors 34 and 35, components each having a value
of 100,000 ohms the total impedance of this ad-
ditional load circuit is of the order of 200,000
ohms. Inasmuch as the effective impedance of
the network 12 between the corner points of 9
and 21 is of the order of 10,000 ohms, the addi-
tional drain placed upon the voltage source 24 by
the resistors 34 and 35 is negligible. )

Tn addition, the space discharge paths of the
tubes 31 and 32 are effectively connected across
the voltage source 24 as previously described.
However, since these tubes are pentodes operated
in a conventional manner, the total impedance
represented by the tubes for the alternating cur-
rent derived from the source 24 is relatively high.
1t may be seen, therefore, that these tubes do not
place any substantial power drain on the deflect-
ing voltage source 24. o

‘Unidirectional current conduction in the tubes
31 and 32 is controlled by the potentiometer 38
and its sliding contact 31. The voltages of the
control grids relative to the associated cathodes
are controlled by the position of the sliding con-
tact on the potentiometer, whereby to control the
magnitude of the unidirectional space current
conducted by the tubes. The connections of the

potentiometer 36 and its contact 37 are such that,
when the contact, is manipulated to increase the
control grid voltage of one tube, the control grid
voltage of the other tube is decreased. For exam-.
ple, the potentiometer contact may be ‘adjusted
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to effect the conduction of space current in the
tube 31 in greater magnitude than the space cur-
rent conduction in the tube 32. In this case uni-
directional current will flow from the battery 33
through the network §2 from the corner point 21
to the corner point 19. The magnitude of this
current will depend upon the adjustment of the
potentiometer 38. If it is desired to increase this
eurrent flow, the contact 37 may be manipulated
to increase the flow of space current in the tube
51 and at the same time to decrease the flow of
space current in the tube 32. S .

If it is desired to reverse the polarity of the
unidirectional voltage impressed upon the net-
work corner points 18—21 so that the point {9
will be positive and the point 21 will be negative,
the contact 37 is manipulated to so adjust the
potentiometer 33 that more space current . will
flow in the tube 22 than in the tube 31, .

The umidirectional voltage which is impressed
upon the network corner points {7—18 under the
control of the tubes 48 and 49 is dependent upon
the space current conduction in these tubes.« In
substantially the same manner as that described,
space current conduction in the tubes 48 and 49
is conirolled by suitable manipulation of the
sliding contact &4 relative to the potentiom-
eter 53. L

Referring now to ®ig. 2, there is shown an-
other embodiment of the invention. In this case
o cathode ray tube 57 is provided with eight field-
producing electrodes I to VIII arranged around
the path of the electron beam so that two pairs
of diametrically opposite electrodes lie respec-
tively on the vertical and horizontal axes of the
tube. About the only significance of this elec~
trode arrangement is that it requires a somewhat
more elaborate voltage-distributing network.
Otherwise the operation of the deflecting system
is the same as in the previous instance.

There is provided a voltage-distributing net-

work 58 which comprises a balanced bridge ar-
rangement of a plurality of impedance devices.
In this case the network consists of four exterior
pranches 59, 61, 62 and 2 connected in series
to form a closed loop having two pairs of con-
jugate corper points 64—8%5 and 66-—687. The
network also includes four interior branches 68,
§9, Tt and 72 which are connected in pairs be-
tween respective pairs of corner points. More
specifically, interior branches 88 and 71 are con-
nected in series between the corner points 64
and 65, and interior branches 69 and 72 are con-
nected in series between corner points 66 and
§1. The junction point 73 between the interior
branches may be connected (in 2 manner not
shown) to a wall coating of the tube 57 if de-
sired. Intermediate points on the network
pranches such as the point 74 on the exterior
branch 63 are connected to the field-producing
electrodes of the tube as indicated. The point
14, for example, is connected to the tube elec-
trode VII. Other connections are as indicated:
by the Roman numerals. '
A low frequency deflecting voltage source 15 is
coupled by condensers 16 and T7 to the network
corner points 66—&7. In like manner,a high fre-
quency deflecting voltage source is coupled by
condensers 78 and 8¢ to the network. corner
points 64—8§5. '

In this case the unidirectional voltages are im-
pressed upon the corner points of the network
by means of a bridge arrangement of four diodes
83, 84, 85 and 86 all of which are provided with
As shown anddescribed




2,473,727

7
herein, the cathodes of all diodes are provided
with indirect heating elements. However, it is
contemplated to be within the scope of the in-
vention to employ diodes provided with fila-
mentary cathodes, particularly for tubes such as
8% and 84. The diodes 83 and 84 are connected
with their anodes to the network corner points
66—-67. Space current for these diodes is pro-
vided by a source of unidirectional voltage such
as a battery 871. The positive terminal of this
battery is connected through diode 85 to the
anode of the diode 83 and also through diode 86
to the anode of the diode 84. The cathodes of
diodes 83 and 84 are connected to the negative
terninal of the battery.

- The diodes 83, 84, 85 and 86 are provided with
cathode heaters 88, 89, 91 and $2, respectively.
Heating current for the cathode heaters is sup~
plied from an alternating current source 93 which
may be a commercial source of 60 cycle energy,
for example. The magnitude of the heating
current is varied by two potentiometers 84 and
95 which may be mechanically linked for simul-
taneous adjustment by means of a single control
knob 96. The heaters 88 and 92, respectively, of
the diodes 83 and 88 are connected in parallel
through the potentiometer 94 to the source 93.
Similarly, the heaters 89 and 91, respectively, of
the diodes 84 and 85 are connected in parallel
through the potentiometer 85 to the heating cur-
rent source 93.

Unidirectional voltage is impressed upon the
network corner points 64—85 by means of an
identical bridge connection of four diodes 91, 98,
99 and 101, all of which may be provided with
indirectly heated cathodes as shown. The cath-
ode heaters for the tubes 87 and 10! are con-
nected through a potentiometer 182, while the
cathode heaters for the tubes 98 and 99 are con-
nected through a potentiometer 103 to the cur-
rent source 93. A single control knob (04 may
be linked to both of these potentiometers in s
manner to simultaneously effect an adjustment
thereol.

It is seen that, inasmuch as the diodes 85 and
86 are connected in opposite polarity between the
network corner points 66—67 there is substan-
tially no power drain placed thereby upon the
low frequency deflecting voltage source 15. Also
all of the diodes are operated in a temperature-
saturated manner so that the diodes 83 and 84
have a relatively high impedance for the alter-
nating current derived from the source T5. In
like manner the diodes 97, 88, 99 and {61 con-
nected to the network corner point 64-—65 do not
appreciably load the high frequency deflecting
voltage source 78.

Referring now to the operation of the embodi-
ment of the invention shown in Fig. 2, the de-
flecting voltage sources 15 and 18 in cooperation
with the network 58 produce a continuously vary-
ing field in the cathode ray tube 57 in substan-
tially the same manner ag in the previously de-
scribed embodiment. In order to suitably orient
the electron beam relative to the target electrode
the control knobs 85 and 184 are manipulated to
suitably vary the magnitude and polarity of the
unidirectional voltages impressed upon the net-
work corner points.

With respect to the unidirectional voltage
impressed upon the corner points 66—87, assume
that the potentiometers 94 and 85 are adjusted
S0 as to supply relatively large heating currents
to. the cathode heaters 88 and 92 of the diodes
#3 and 86, respectively,
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ometer 98 is so adjusted to supply a relatively
small heating current to the cathode heaters 88
and 81 of the diodes 84 and 85, respectively. The
current flow from the battery 87 in this case is
predominantly through the diode 86, through the
network 58 from the corner point 67 to the corner
point 86 and through the diode 83. This is ac-
cotnplished by so conditioning the tubes thai the
diodes 83 and 86 conduct a current of greater
magnitude than that which can be conducted
by the diodes 84 and 85. 'The magnitude of the
current flow from the corner 67 to the corner
point 66 of the network determines the magnitude
of the unidirectional voltage impressed upon
these two points. In order to increase the mag-
nitude of the unidirectional voltage, the current
flow through the network is increased by still fur-
ther inecreasing the current conduction through
the diodes 83 and 86, and at the same time,
still further decreasing the current conduchion
through the diodes 84 and 85. These current
changes are made under the control of the poten-
tiometers 94 and 95.

If it is desired to reverse the polarity of the
unidirectional voltage impressed upon the net-
work corner points 66—8§7, the control knob 96
is manipulated so as to adjust the potentiometers
94 and 95 to supply greater heating current to
the cathode heaters 89 and ${ of the diodes 84
and 85, respectively, than to the heaters 88 and
82 of the diodes 83 and 86, respectively. In such
a case, the predominant current flow from the
battery 87 is through the diode 85, through the
network §8 from the corner point 88 to the corner
point 67 and finally through the diode a4, A
variation in the magnitude of this reversed po-
larity unidirectional voltage is effected by an ap-
propriate adjustment of the potentiometers 94
and 95.

The unidirectional voltages which are ini-
pressed upon the network corner points 8455
are controlled both as to polarity and as to mag-
nitude by suitable manipulation of the control
knob 104, whereby to condition the diodes 87, 98,
99 and 10t to conduct current through the net-
work in the proper direction and in the desired
magnitude. The operation of these diodes to ef-
fect the voltage variation at the corner points
64—65 is substantially identical to that described
or the group of diodes associated with the corner
points 66—617.

While there has been described what is at pres-
ent considered the preferred embodiment of the
invention, it will be obvious to those skilled in
the art that various changes and modifications
may be made therein without, departing from the
invention, and it is, therefore, aimed in the ap-
pended claims to cover all such changes and
modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A system for controlling the direction of an
electron beam comprising, a plurality of field-
pbroducing electrodes uniformly spaced around
the path of said beam, 3 voltage-distributing net-
work comprising a balanced bridge arrangement
of a plurality of impedance devices having two
pairs of corner points and a plurality of inter-
mediate tap points, said tap points being coupled
respectively to said field-producing electrodes,
two pairs of electron discharge devices having
relatively high impedance space discharge paths,
means for coupling the space discharge paths of
each pair of electron discharge devices to respec-
tive pairs of said corner points, a source of space

current for each pair of electron discharge de-
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vices, and means for oppositely varying the con-
ductivity of each pair of electron discharge de-
vices, whereby to vary the voltages derived from
said space current source and impressed upon
said network corner points.

2. A system for orienting an electren beam
relative to. a target electrode comprising, a plu-
rality of elongated field-producing electrodes
spaced uniformly around the path of said beam,
a voltage-distributing network comprising a bal-
anced bridge arrangement of -a plurality of im-
pedance devices having two pairs of conjugate
corner points and a plurality of intermediate tap
points, said tap points being coupled respectively
to said field-producing electrodes, two pairs of
electron discharge devices having relatively high
impedance space discharge paths coupled to re-
spective pairs of said corner points, a source of
unidirectional voltage, means for coupling the
space discharge paths of said electron discharge
devices to said voltage source, and means for op-
positely varying the conductivity of the electron
discharge devices of each pair of said devices,
whereby to vary the unidirectional voltages im-
pressed by said electron discharge devices upon
said network corner peints.

3. A system for orienting an electron beam
relative to a target electrode comprising, a2 plu-
rality of elongated field-producing electrodes
spaced uniformly around the path of said beam,
a voltage-distributing network comprising a bal-
anced bridge arrangement of a plurality of im-
pedance devices having two pairs of conjugate
corher points and a plurality of intermediate tap
points, said tap points being coupled respectively
to said field-producing electrodes, two pairs of
electron discharge devices, each having a rela-
tively high impedance output circuit and an in-
put circuit, each pair of output circuits being
coupled to respective pairs of said corner points,
a source of unidirectional voltage, means for
coupling said output ecircuits to said voltage
source, and means including said input circuits
for oppositely varying the conductivity of the
electron discharge devices of each pair of said
devices, whereby to vary the unidirectional volt-
ages impressed by said electron discharge devices
upon said network corner points.

4, A system for orienting an electron beam
relative to a target electrode comprising, 2 plu-
rality of elongated field-producing electrodes
spaced uniformly around the path of said beam,
a - voltage-distributing network comprising a
‘balanced bridge arrangement of a plurality of
impedance devices having two pairs of conjugate
corner points and a plurality of intermediate tap
points, said tap points being coupled respectively
to said field-producing electrodes, two pairs of
electron discharge devices, each having at least
an anode, a cathode, a control grid and a rela-
tively high impedance space discharge path be-
tween said anode and said cathode, each pair of
anodes being coupled to respective pairs of said
corner points, a source of unidirectional voltage,
means including individual impedance devices for
coupling said anodes to said voltage source, and
means including said control grids for oppositely
varying the conductivity of the electron discharge
devices of each pair of said devices, whereby to
vary the unidirectional voltages impressed by
said anodes upon said network corner points.

5. A system for orienting an electron beam
relative to a target electrode comprising, a plu-
rality of elongated field-producing electrodes
spaced uniformly around the path of said beam,
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a voltage-distributing network comprising a bal-
anced bridge arrangement of a plurality of im-
pedance devices having two pairs of conjugate
corner points and a plurality of intermediate tap
points, said tap points being coupled respectively
to said field-producing electrodes, two pairs of
pentode electron discharge devices, each having
an anode, a cathode, a confrol grid, a screen grid
and a suppressor grid each pair of anodes be-
ing coupled to respective pairs of said corner
points, a source of unidirectional voltage, means
including individual substantially identical im-
pedance devices for coupling said anodes to sald
voltage source, means including impedance de-
vices for coupling said screen grids to said voltage
source, each of said suppressor grids being con-
nected to its associated cathode, and means in-
cluding said control grids for independently and
oppositely varying the conductivity of the elec-
tron discharge devices of each pair of said devices,
whereby to vary the polarity and magnitude of
the unidirectional voltages impressed by said
ancdes upon said network corner points.

6. A system for orienting an electron beam rela-
tive to a target electrode comprising, a plurality of
elongated field-producing electrodes spaced uni-
formly around the path of said beam, 2 volt-
age-distributing network comprising a balanced
bridge arrangement of a plurality of impedance
devices having two pairs of conjugate corner
peints and a plurality of intermediate tap points,
said tap points being coupled respectively to said
field-producing electrodes, a first pair of diode
electron discharge devices coupled to each pair
of said corner points, a source of unidirectional
voltage, a second pair of diode electron discharge
devices for coupling each of said first pair of
diodes to said voltage source, all of said diodes
having thermionic cathodes, and means for op-
positely varying the temperatures of the cathodes
of each pair of diodes to correspondingly vary the
conductivity of said diodes, whereby to vary the
undirectional voltages impressed upon said net-
work corner points.

7. A system for orienting an electron beam
relative to a targeb electrode comprising, a plu-
rality of elongated field-producing -electrodes
spaced uniformly around the path of said beam,
2 voltage-distributing network comprising & bal-
anced bridge arrangement of a plurality of im-
pedance devices having two pairs of conjugate
corner points and a plurality of intermediate
tap points, said tap points being coupled respec-
tively to said field-producing electrodes, two first
pairs of diode electron discharge devices, each

" diode hsving an anode, a cathode and a cathode

heating element, each pair of diodes being cou-
pled to respective pairs of said corner points,
a, source of unidirectional voltage, means includ-
ing two second pairs of diode electron discharge
devices for coupling said anodes to said voltage
source, each diode of said two second pairs of
diodes having a cathode heating element, and
means for variably energizing the heating ele-
ments of all of said diodes so as to oppositely
vary the conductivity of said electron discharge
devices, whereby to vary the unidirectional volt-
ages impressed by said two first pairs of diodes
upon said network corner points.

8. A system for orienting an electron beam
relative to a target electrode comprising, a plu-
rality of elongated field-producing electrodes
spaced uniformly around the path of said beam,
a voltage-distributing network comprising a bal-
anced bridge arrangement of a plurality of im-
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pedance devices having two pairs of conjugate
corner points and a plurality of intermediate tap
points, said tap points being coupled respectively
to said field-producing electrodes, two pairs of
electron discharge devices, each of said electron
discharge devices having an anode, a cathode and
a cathode heating element, each pair of anodes
being coupled to respective pairs of said corner
points, a source of unidirectional voltage, means
including individual substantially identical diode
electron discharge devices for coupling said
anodes o said voltage source, said diodes each
having a cathode heating element, a source of
heating current connected to the heating ele-
ments of all of said electron discharge devices,
and current varying means coupled between said
cathode heating elements and said current source
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for oppositely varying the conductivity of the
electron discharge devices of each of said two
pairs of said devices and the conductivity of
sald diode electron discharge devices, whereby
to vary the unidirectional voltages impressed by
said anodes upon said network corner points.

HANS W. G, SALINGER.

HAROLD W. BEACH.
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