Nov. 29, 1949 H. W. G. SALINGER 2,489,328
ELECTRON BEAM CONTROLLING SYSTEM
Filed Oct. 7, 1946 ' 3 Sheets-Sheet 1

46

|

1
L.F.DEFLECTING
VOLTAGE

41

t-—_l_

INVENTOR ..
HANS W.G. SALINGER

FIG.2
4
VA

H.F. DEFLECTING
VOLTAGE

BY

ATTORNEY



Nov. 29, 1949

H. W. G. SALINGER 2,489,328
ELECTRON BEAM CONTROLLING SYSTEM

Filed Oct. 7, 1946 3 Sheets-Sheet 2

3]

@
. 2
&
©
1} =4
! =
! IEE
- Croef
| ol
! L
-
& ﬁ
g
S
~
© (=
Q
0
O i
w AN )
(4]
z
5&
o
ia INVENTOR
8> HANS W.G.SALINGER
w
T

o vl

P

ATTORNEY



Nov. 29, 1949 H. W. G. SALINGER 2,489,328

ELECTRON -BEAM CONTROLLING SYSTEM

Filed Oct. 7, 1946 3 Sheets-Sheet 3
FIG.4
144
/
VOLTAGEVSO URGE
]
y
136
145
VOLTAGE SOURCE
Vo
FIG.5
16!

VOLTAGE SOURGE
Vi

4

179

158
18!
b
VOLTAGE SOURGE
Vo
INVENTOR

HANS W.G.SALINGER
BY m

ATTORNEY




Patented Nov. 29, 1949

2,489,328

UNITED STATES PATENT OFFICE
2,489,328 -
ELECTRONBEAM CONTROLLING SYSTEM .
Hans W. G.-Salinger; Fort Wayne, Ind.; assignor, -
by mesne assignments, to Fariasworth Research:-:
Corporation, a.corporation of’iIntlian“a; e
Apﬁlidéztioxi‘()ctobéf’?, '1946, Serial No. 701,722. .
20 Claims.~-(Cl, 315—=24)":

1

This -invention relates to-systems:for:control-:

ling<a ;beam: of ‘electtons and particularly:hds::
reference: to -voltage- distribution networks-:for:..
impressing  thedeflecting and ¢entering voltages.-

upon.the field producing:electrodes:of.a: cathode.

ray-tube.

According : to.conventionsa] :practice;.the :elecs:,
tron:beams.of cathodeiray.tubes-have been-de-i

flected: over their associated target:electrodes ei-. =

ther- by -electromagnetic . or by electrostatic de-
flecting ~systems:.

10
In:the:casezof tubes:wherein::

electrostatic: deflecting :systems:- have -been -used,
a plurality; of -pairs .of field producing electrodes -
have been employed for-producing the nscessary..:

deflecting fields. - It :is :usual:to provide:two-such
pairs of electrodes.

mounted -at- 90 degrees-relative to -one:another:

As is well - known, the deflection of -an -electron:
beam may be effected in-two-coordinate -direc~-
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In such-apparatus the elec- -
trodes-of each pair-are placed- opposite to -one:
another -and  the. two--pairs. .of - electrodes-are:

20

tions. by the:impression-upon -the-two- pairs .of ..

electrodes. of . suitable scanning woltages:

Sueh- -

a deflecting system is-particularly.well adapted. :

for use.in cathode ray tubes wherein an.electron
beam. of relatively small. cross-sectional area-is

25

used.  Typical examples.of such tubes:are found

in oscilloscopes, television .image . reproducing:

tubes and the like. '

In certain tubes, such . as .a television image
dissector, the clectron beam which is to be de-
flected -is "of ‘considerably largef cross-sectional
area. Heretofore, it has been generally custom-
ary to'deflect such an electron beam by meéans of

electromagnestically produced deflééting fields for
the reason that- electrostatic deflection 6f these
electren beams-has not been particularly gasy to
accomplish. - In -the -first place; where" electro--

static beam deflection is ‘employed, it is ‘custom=
ary to ‘effect-the -two~coordinate’ deflections -of
the beam-in  two different ‘planes: - Consequently;

the two~pairs of “electrodes-are’ mounted-in two
different planes spaced from-one another -along-

thepath ofthe electron beam: - Such a displaces
ment- of “the deflécting electrodes has been nec-
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essary-in ordetr’to avoid d: distortion-of the elec—

trostatic field which generally ‘results by mount-*

ing+-both- pairs::of ‘deflécting “electrodes™ in’ the--

same plane. As a result-of-such’ a distorted field,"

the bedm' deflection ceases to be & linear’funec-
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tion-of: the deflection voltage impressed -upon the

electrodes: -

There previously has been-propoesed -a deflect- - -

ing <system - particularly - ‘adapted -for-use“in' an *
image-dissectot swherebyto produte” s ‘composite

55
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electrostatic field in'one plané which™is capalle
of effecting the defleétion-of ‘the electron beam
in & linear'manmer with respectto the deflecting
voltage: ~Such a deflecting system forms the sub-
Jject matter- of Patent No. 2,297:949 sranted-to P.-
T. Farnsworth on‘October 6, 1942; for‘a Defléct-
ing system. - This patent comnprises-a cathode ray
tube such asan image’dissector which is provided
with‘a plurality-of pairs’ of deflecting elements
‘all mounted-in' the same-plane and -surrcunding
a portion-ef the path-of the electron beam. In
one form-of-the-patented structure, a number of
elongated: rods-are used” as-the ‘deflecting ele-
ments. - Each of these rods-extends generally lon-
gitudinally of the’electron-beam path. The high
frequency-and low- frequency deflecting- voitages
are impressed upon these electrodes by means of
a voltage distribution network. Each one-of the
deflecting - electrodes -has:.impressed--thereon - a
predetermined proportion of ‘each-of the deflect-
ing:voltages:depending upon.its particular loca-
tion relative to the two: coordinate scanning di-
rections. - By this means, it -has been determined
that the desired electrostatic.deflecting field may
be - produced: without: appreciable - distertion
whereby to effect.the. deflection of an.electron
beam, particularly one:having a ecross-sectional
area -of -considerable: magnitude, over a target
electrode in-two coordinate directions.

In accordance with the subject matter of the
Farnsworth -patent, the voltage distribution sys-
tem comprises-a network of impsdances arranged
in such & manner that the two deflecting veltages
are separated or decoupled in accordance with
the respective frequencies thereof. Inasmuch as
the -vertical defiecting voltage has.g frequency
of the order of 60 cyclés per second and the hori-
zontal deflectifig voltage has a frequency of the
order of 15,600- cycles per second; according to
present .television standards, the irequency sep-
aration or decoupling of the two deflecting volt-
ages is accomplished quite readily .at the funda-
mental fréquencies:

However, sirice’ both of these deflecting volt-
ages have complex ‘wave forins, generally “that
of 4 saw-tooth, théie also is present, in addition
to the fundamiéntal “frequencies; 'a number of ~
harmonic frequencies. In ordei to mairitain the
desived’ linearity, it is esséntial that & consider-
able ‘number - of these' harmonié freégiuencies be
present and effective in‘produting the beam de-
flection. ‘In practice it ha§ been-detérmined that,
in order to'achieve this-result; it is nedessary to
maintain’ the effectiveness of a1l of the harmonic
frequencies up'to-and including at least the fifs"
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nth harmonic. As a consequence it is neces-
'y to maintain the separation or decoupling
he two deflecting voltages through an appre-
ble band of frequencies. In the case of the
+tical deflecting voltage, the frequency band
bends from about 60 to about 900 cycles per

:ond. In the case of the horizontal deflecting

ltage, the frequency band extends from about

000 to about 200,000 cycles per second. Thus,

reason of the frequency band widths required
be maintained, a deflecting voltage distribu-

n system operated on the principle of fre-

ency discrimination has not been entirely suc-

ssful, especially when operation is attempted
the relatively high horizontal deflecting fre-
encies required for 525 line scansion, accord-

z to present television standards.

It is well known that, when deflecting an elec-

yn heam over a target electrode, the beam first

1st be oriented relative to the target. In prac-

e, this is known as centering the electron beam.

the case of an image dissector, particularly, it
nerally is preferable to direct the electron beam

that, in the absence of any deflecting fields, the
nter of the beam falls in line with the scanning
erture. Then, when the beam is deflected over

e aperture, the deflecting movement thereof
11 be symmetrical in all directions with a con-
gquent minimizing of distortion effects. Inas-
uch as the centering of an electron beam, once
‘ected, is not ordinarily subject to change, a
i1d of substantially constant intensity is em-
oyed for this purpose Customarily, this field

produced by the impression of a direct current

Itage upon the field producing deflecting elec-
odes. Then for deflecting purposes, a saw-tooth
ltage is superimposed upon the direct current
1tage to achieve the desired results. Where an
actrostatic dissector, such as that disclosed in
e Parnsworth patent referred to, is used, the
nstant unidirectional voltages for centering the
sctron beam must be impressed upon the various
[flecting elements in suitable respective propor-
ns to create a constant uniform field.

It is an object of the present invention, there-
re, to provide a novel distribution system for
multaneously impressing both high frequency
1d low frequency deflecting voltages upon a plu-
Jlity of electrostatic electron beam deflecting
ectrodes whereby to secure a beam defiection
hich is a linear function of the deflection volt-
ses and at the same time whereby the two de-
acting voltages are effectively decoupled at sub-
antially all frequencies thereof.

Another object of the invention is to provide a
istribution network for impressing both high
nd low frequency scanning voltages upon a
lurality of electrostatic electron beam deflect-
1g elements which operates entirely independ-
atly of frequency differences of the two deflect-
1g voltages.

A further object of the invention is to provide

distribution network for impressing upon a
lurality of electrostatic electron beam deflecting
lements substantially constant unidirectional
pltages for orienting an electron beam relative
) a target electrode.

Still another object of the invention is to pro-
ide a novel distribution network for impressing
pon a plurality of electrostatic electron beam
eflecting elements electron beam centering volt-
ges in suitable proportions to produce a sub-
;antially constant beam deflecting field, together
ith facilities for varying in the proper propor-
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4
tions the individual voltages impressed upon the
respective deflecting elements whereby to alter
the orientation of the electron beam relative to
the target electrode.

A still further object of the invention is to pro-
vide a system including a distribution network
for impressing upon a plurality of electrostatic
electron beam deflecting elements, both high fre-
quency and low frequency voltages for deflecting
an electron beam over a target electrode, to-
gether with unidirectional voltages for orienting
the beam relative to the target electrode.

In accordance with this invention there is pro-
vided a tube which has facilities for developing an
electron beam and directing it toward a target
electrode. The tube is also provided with a plu-
rality of field producing electrodes which are
uniformly spaced in a circle around the path of
the beam. In general, 4k electrodes are required,
k being equal to any whole number. These elec-
trodes, when energized by suitable voltages in ac-
cordance with the invention, are employed to
move an electron beam relative to the target elec-
trode. In order to effect the beam movement ac-
cording to a predetermined scanning pattern de-
flecting voltages are impressed upon the elec-
trodes in respective proportions to produce in the
path of the beam a homogeneous field which
varies periodically in magnitude as a function of
time. In order to suitably orient the electron
beam relative to the target electrode, unidirec-
tional voltages are impressed upon the electrodes
to produce a homogeneous field of relative con-
stant magnitude. These voltages are impressed
upon the electrodes by suitable connections to
one or more voltage distributing networks.

Such a network consists of a balanced bridge
arrangement of a plurality of impedance devices.
‘The impedance devices are connected so as to pro-
vide the network with a mirror electrical sym-
metry about four axes of the network, each being
located at angles of 45 degrees relative to one
another. The connections of the impedance de-
vices is such that the network is provided with
two pairs of conjugate corner points. Voltages
VI and V2 are connected to the respective pairs
of corner points. The network further is pro-
vided with intermediate tap points on the various
branches thereof. As many tap points are pro-
vided as there are field producing electrodes in
the tube and the tap points are connected respec-
tively to these electrodes. In order to produce a
homogeneous field in the path of the electron
beam the impedance devices of the network are
proportioned so as to impress upon any given
one of the electrodes located at an angle A rela-
tive to an axis of symmetry of the electrodes, a
voltage proportional to V1 sin 44V2 cos A.

In one form of the invention one such network
is employed toc impress the high frequency and
the low frequency deflecting voltages upon the
tube electrodes. Another network of a similar
character is provided to impress the orienting
or centering voltages upon the electrodes. In
conjunction with :the centering network there
are provided facilities for varying the magni-
tudes of the energizing voltages impressed upon
the corner points of the network.

In another form of the invention there is pro-
vided a single network of this character for dis-
tributing both the defiecting and the centering
voltages to the tube electrodes.

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

In the accompanying drawings:

Fig. 1 is a longitudinal:sectional view of -a
television image dissector tube having o plurality
of electrodes whereby .to effect:electrostatic ‘de-
flection of an electron beam over a:target elec-
trode;

'Fig. 2 is a: schematic circuit.diagram of appa-
ratus embodying the. invention “whereby suitable
deflecting: and centering: voltages are impressed
upon the tube deflecting-electrodes;

Fig. 3 is a schematic circuit diagram of: appa-
ratus embodying another form of the invention

-wherein one voltage distributing network:is used

for both the. deflecting:and:the centering volt-
ages;

Fig. 4 is another schematic diagram:of appa-
ratus embodying the invention “in still :another
form wherein ‘one netwerk. is .used :for both de-
flecting and centering voltages; -and

Pig. 5 is a schematic circuit' diagram-of appa-

ratus embodying: the invention wherein-a more @

complicated form of  network 1is:used for im-
pressing both the deflecting -and:the centering
voltages upon a tube having a relatively greater
number of fleld producing electrodes.

Having reference:now to Fig. 1 of the draw-
ing, there is shown a.television image dissector
tube 1. One end wall of the-tube is provided
with an optically plane:-window 12-and there is
mounted adjacent the other end wall of the tube,
a photoelectric cathode 13. The photosensitive
suriace of the cathode faces the window 12 so
that an optical image may be projected through
the window onto the cathode. The tube also is
provided with a target electrode 14 located at
one end of the tube adjacent the "window ‘12.
The target electrode-is:provided with a relatively
small aperture I3 substantially of the size of an
elemental area of the picture which it.is. desired
to analyze. Preferably the aperture 15 is located
on the central axis of the tube. In any case, it
faces the cathode i3 so that electrons from.the
cathode may enter the target electrode .through
the scanning aperture 15. In accordance with
generally preferred. practice,.the target electrode
serves as a housing for a multi-stage static elec-
tron.multiplier whereby. a preliminary video.am-
plification may be effected. The target electrode
is maintained at a suitable positive: potential rel-
ative to the cathode by means.such as a battery
16.

The tube 11 also is provided with a plurality,
twelve in the case illustrated herein, of elongated
deflecting electrodes such as 171, - These electrodes
may be in the form of relatively stiff -wires. or
small rods and are spaced uniformly about the
longitudinal axis of the tube: adjacent the inner
periphery of the tube envelope. Preferably, they
extend from the region.of-the. cathode 13 to a
plane adjacent to the scanning aperture 15 of
the target electrode. -Each. of the deflecting. elec-
trodes is connected through :the tube envelope
by means such as-a conductor . 18. -In this man-
ner electrical connections may:he made to each
of the deflecting electrodes. An electrically con-
ducting wall coating (9-also-is.provided. on.the
inside wall of the tube envelope. .This wall coat-
ing may be connected, as: shown, to:the target
electrode 4. The. tube additionally is provided
with a focusing device such as.an electromagnetic

coil- 26 mounted around.the-exterior portion- of:
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6

the tube envelope in'such a manner-that it:sub-
stantially completely. envelopes tha:space between
the cathode 13 and.the target electrode i4, The
focusing coil may: be .energized from a suitable
source of unidirectional voltage such as. g bat-
tery 21 which may be connected fto the coil
through an adjustable resistor 22. By this means
the magnitude of the current flowing in the fo-
cusing coil may be adjusted suitably to produce
the desired focusing of the electron beam within
the tube.

The electrical connections to the voltage dis-
tributing networks according to one form of the
present invention .are indicated in Fig. 2 to which
reference now will beomade. In this figure there
is shown a transverse section of the image dis-
sector tube [I. The deflecting electrodes -are
twelve in number and are identified by Roman
numerais from I to XIT in the well known man-
ner of a clock dial. The connection of only the
electrode I is shown complete to the voltage dis-
tributing networks, all other connections are
similar and have merely been indicated so as
not to unnecessarily complicate the drawing.

The deflecting electrodes such as | 1 are cou-
pled to a defiecting voltage distributing network
23. In general this network resembles that of a
Wheatstone bridge. It comprises a balanced
bridge arrangement of a plurality of impedance
devices. The arrangement of these impedance
devices in the network and the respective values
thereof is such that the network has a mirror
electrical symmetry about four sxes located at
angles of 45 degrees relative to one another., The
network consists of four exterior branches 24,
25,:26 and 27 connected in series as shown to form
a:continuous loocp. Each of these branches such
as the branch 24 is composed of three resistors
such -as 28, 29, and 31 :connected in series and
having a combined impedance equal to that of the
impedance of each of the other exterior branches,
and corresponding resistors in the respective
branches are of identical impedance values. ‘In
addition, the network includes four interior
branches 32, 33, 34 and- 35. Each of the interior
branches is composed of two resistors such as 35
and 37 connected in series and having a combined
impedance equal to that of the impedance of
each of the other interior branches and corre-
sponding resistors in the respective branches are
of identical impedance values. The branches 32
and 34 are connected in series with one another
and the terminals of this series arrangement are
connected to one pair of conjugate corner points
38 and 39 of the network. Similarly the interior
branches 33 and 35 are connected in series and to
the other pair of conjugate corner points 41 and
42 of the network. The junction point 43 he-
tween the interior branches 32—34 and 33—35
constitutes the central point 43 of the network.
In a preferred form of the invention the central
point 43 is grounded for alternating currents
through a condenser 44,

A source 45 of high-frequency deflecting volt-
age which has a saw-tooth wave form is con-
nected to the conjugate network points 33 and 39.
Likewise a low frequency source 46 of deflecting
voltage is connected to the conjugate network
points 41 and £2. Both of these deflecting volt-
ages are supplied to the network in a push-pull
relgtionship and are balanced relative to ground.
The junction points between certain ofthe re-
sistors comprising the network 23 are coupled
respectively to the defle¢ting electrodes suchas 11
of ‘the image dissector tube i{. .One:such con-
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nection is shown completely from the junction
point of resistors 28 and 28. This intermediate
junction or tap point is coupled by a condenser
47 to the deflecting electrode I. Similar connec-
tions are made from the other junction points of
the network resistors to the tube deflecting elec-
trodes as indicated by the Roman numerals.

The impedance relationship between each of
the exterior branches of the network 23 and each
of the interior branches is somewhat arbitrary
depending upon the effective network impedance
desired. For simplicity of disclosure, assume that
the combined impedance of each of the interior
branches such as 83 is w: and that the combined
impedance of each of the exterior branches such
as 24 is we. In its simplest form, the network 23
is of such a character that the ratio wi/w2 is equal
to unity. In any case the resistors 28 and 3{ and
all others corresponding thereto each has a value
which is equal to 0.367wa. The resistor 29 and
all others like it has a value which is approxi-
mately equal to 0.266ws. In each of the interior
pranches of the network, the value of each of
the resistors such as 38 is approximately equal
to 0.734w: and the value of each of the resistors
such as 37 is approximately equal to 0.266w:. In
the interest of making the disclosure of a partic-
ular embodiment of the invention as complete as
possible, one successiully operated device accord-
ing to the invention employed resistors such as
28 and 3! having values of 5500 ohms, resistors
such as 29 and 37 having values of 4000 ohms, and
resistors such as 36 having values of 11,000 ohms.

For the purpose of centering or otherwise
orienting the electron beam, the deflecting elec-
trodes of the tube {{ are coupled to a centering
voltage distributing network 48. In form this
network may be substantially similar to the net-
work 23. In such a case it comprises four exterior
branches 49, 5, 52 and 53. It also includes four
interior branches 54, 55, 56 and 57. Each of the
exterior branches such as the branch 49 includes
a series connection of resistors such as 58, 59 and
6i. Each of the interior branches such as the
pbranch 55 includes a series connection of two
resistors such as 83 and 84. As in the case of the
network 23, the impedance values of all of the
exterior branches and all of the interior branches
are respectively equal. Also the ratio of the
impedance value of each of the interior branches
such as the branch 55 to that of each of the exte-
rior branches such as the branch 49 is arbitrary
but for convenience is taken as unity. In one
practical embodiment of the invention the re-
sistors 58 and 6 were of 180,000 chms value. The
resistors 58 and 84 had values of 133,000 ohms
and the resistor §3 had value of 360,000 chms.

One pair of conjugate corner points 85 and 56
of the centering network 48 is connected through
respective resistors §7 and 68 to the movable con-
tacts 89 and 7!, respectively of two potentiom-
eters 72 and 73. The potentiometers are con-
nected in series as shown with both terminals
thereof connected to the negative terminal of a
source of unidirectional voltage such as a battery
148. The junction point between the potentiom-
eters 712 and 13 are connected to the positive ter-
minal of the battery 748. For ease of manipula-
tion and adjustment of the voltage impressed
upon the conjugate points 65 and §8, the mov-
able contacts 69 and 7{ of the potentiometers
may be mechanically connected as indicated by
the broken line for simultaneous movement
thereof by a single control knob 5.

The other pair of conjugate corner points 76

<
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and 17 of the network 48 are similarly connected
through resistors 18 and 79, respectively to po-
tentiometers 81 and 82. Also in this case, a sin-
gle control knob 83 is provided to adjust the two
potentiometers 81 and 82 simultaneously. These
potentiometers are connected in a manner simi-
lar to the previously described potentiometers 12
and 13 and are further connected to a source of
unidirectional voltage such as 84. If desired, the
batteries 74 and 84 may be a single source of volt-
age. With resistance values of the network
taken as indicated hereinbefore, satisfactory op-
eration of the apparatus has been obtained with
these batteries having values of approximately
600 volts.

The junction or tap points between certain of
the resistors forming the network 48 are conduc-
tively coupled to the deflecting electrodes such
as 11 of the tube 11. For example, the junction
point between resistors 58 and 59 is directly
connected to the tube electrode I. Other points
of the network are similarly connected to the
other tube electrodes as indicated. The central
point 85 of the network 48 preferably is connected
to the wall coating 19 of the tube as shown.

In order better to considér the problem of pro-
ducing a homogeneous deflecting field, by means
of a plurality of electrodes such as 17, assume
that the total number of such electrodes is repre-
sented by n and that any particular one of these
electrodes is represented by m. If then V repre-
sents the peak voltage impressed on the electrode
XTI, it is required to supply to electrode m a high
frequency saw-tooth deflecting voltage of ampli-
tude

V sin 2mm
n
and at the same time a low frequency saw-tooth
deflecting voltage of amplitude

27m
cos 2T
V cos "

This general relationship may be applied to the
particular embodiment of the invention disclosed
herein. Consider for example the high fre-
quency deflecting voltage required for electrode
I. In this case m is equal to 1 and n is equal to
12. The high frequency deflecting voitage which
is required to be impressed upon the electrode I
is equal to 0.866 of the high frequency voltage
impressed upon the elecirode XII. It may be
seen that a voltage of the same amplitude and
polarity must be impressed upon the electrode XI.
Also the voltage impressed upon the electrode XII
is equal and opposite in polarity to the voltage
impressed upon electrode VI. Similarly elec-
trodes V and VII have impressed thereon volt-
ages which are equal in magnitude and opposite
in polarity to the voltages impressed upon elec-
trodes I and XI. In like manner the voltages
which are required to be impressed on electrodes
II and X and also upon electrodes IV and VIIL
may be determined from the general expression
and are equal to 0.5 of the voltage impressed upon
electrode XII. Obviously with respect to the
high frequency deflecting field, the voltage im-
pressed upon electrodes IIT and IX is zerc. This
also is in conformity with the general expression.

In like manner it may be determined that, with
respect to the low frequency scanning field, the
voltage which is impressed upon the electrodes
II and IV should be 0.866 of the voltage which is
impressed upon the electrode IIT which latter
voltage is equal and opposite in polarity to the
voltage impressed upon electrode IX, A voltage
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whiehisrequal in- magnitude but opposite in" po-
1arity- should be impressed upon’ electrodes VIIT
amtiX: A:voltage of the same polarity but of a
nmagnitudé’ equal :t6 0.5 of the voltage impressed
uponielectrode IIIis required for impression upon
etectifodés T and: V. A wvoltage of the same mag-
nitude but:.of opposite polarity should be im-
pressed upon electredes VII and XI. In this case
the low frequency. deflecting voltage impressed
upon-electrodes VI and XT1 is zero.

The’ values: of the' resistors comprising the
network 23 :have been chosen in their relation-
ship to ohe:another in such a manner that the
voltage distribution required, as outlined in the
préceding paragraphs, may be secured.. An-
other:considération in the determination of the
valites'of the network resistors is that it is nec-
essary“to minimize the effect of the capacity of
the~deflecting electrodes. In a particular prac-
ti¢al ‘embodiment of ‘the present invention it was
détérmined that the capacity of one of the con-
ductors is approximately 4.5 ‘micromierofarads.
Stich” a‘-capacity, at- a frequency equal to the
fitteenth harmonic of the high frequency deflect-
ing voltage; is-equivalent t6 a reactance of 150,000
ohms: Hence, it was necessary to so construct
thé: network® 23’ that it would have a relatively
low'resistance.: Accordingly, each of the exterior
branches such as 24 and each of the interior
bfanches such 'as 32 was made to have an im-
pedance of ‘approximatély 15,000 ohms.

Similar considerations should be given to the
construction of ‘the centéring network 48. Hav-
ing* g centéring ‘network such as that specified
previously, the potentiometers 12 and 13 ‘may be
adjusted to move the-electron beam in one co-
ordinaté: direction.. The manner in which this
is“effécted by the network 48 in conjunction with
thé potentiometers 12 and 13 may be more clearly
unidérstood if ‘it is ‘assumed that initially the ad-
justable contacts 69 and Ti of these potentiom-
eters are each engaged with the center points on
the respective potentiometers.. Inasmuch as each
of “thé potentiometers is connected in parallel
across 'the ‘battery 74, it is seen-that the network
points 65 and 66°are at the same potential and,
therefore; there is ‘no vertical centering voltage
impreéssed upon the electrodes such as 17. If now
the control knob 75 is manipulated to move both
of the-movable contacts 69 and'7{ in"an upward
direetion as ‘viewed in the drawing, the contact
$97s moved toward a negative point on the po-
tentiometer’ 12, and:at the same time the con-
tact - 11°is moved to a ‘positive point on its asso-
cidteéd potentiometer 13. The result of such an
adjustment is to make the voltage impressed upon
thé point 65 negative, and at the same time to
make the voltage-impressed upon the point 66
positivé: by o like amount. The polarity and.
magnitiide: of ‘the ‘voltages which are impressed
upon~the  tube eleéctrodes by means of the con-
nectiony théreof to the network 48 ‘are effective
toshift -the eleetric centering -field to one side
or:the-other of the central axis of the tube de-
pending upon-the ‘sense of the adjusiment of the
kriobi 15 In this case the electron beam will be
moved horizentally.

Avsimilar shifting of the electric field in the"
tube in the other coordinate direction is effected
by suitable- manipulation of the ‘control knob 83
whereby thebeam may be moved vertically.

It should be noted that in the case of both of
the networks 237and 48, the voltages by which it
isidesiredito move the electron beam horizontally
ares imipressedsupon: the electrodes in a vertical

10

serise;  Also, the vertical deflecting voltages are
impresséd upon the ecleéctrode in a horizontal
sense. The reason for this is the well-known
fact that in a tube of the character described, a
90 degree rotation of the beam is effected between
the cathode and the target electrode.

It should be evident from a counsideration of the
foregoing  description of a specific embodiment of
the invention-that the principles underlying the
10 invention are not necessarily limited tg use with

the tube having-just twelve deflecting electrodes.
It is-contemplated- to obviously fall within the
purview of the invention to have more or fewer
deflecting electrodes.. Also it is to he understood
15 that-the form of-the network is not necessarily
restricted to that shown in Fig. 2 so long as the
balanced- bridge  requirement is fulfilled. It is
considered- that it is by reason of the balanced
nature of -the bridge that the necessary decou-
2o DPling of the two-deflecting voltages is secured.
Likewise it should be obvious to one skilled in the
art that other types of impedances could be used
to form the deflecting network. For example, in
certain applications it may be considered-that
25 the power consumption by s network such as that
illustratively disclosed herein is too great. In
such a case the network resistors may be replaced
with condensers which would consume substan-
tlally no power and vet would give the proper
sy deflecting voltage distribution for hoth the high
frequency and the low frequency deflecting fields.
However, the capacitive reactances would have
to be much smaller than any parallel resistances
that might be present such as in the case where
35 @ centering network such as 48 is employed in
conjunction with this form of scanning voltage
distribiiting network. Leakage current would
also e a factor in the design of such a network.
Inv'ordeérfor a device of the character described
40+ t0 operate satisfactorily it is necessary as pre-
viously’ noted to maintain at a minimum the
values of ‘any impedance elements connected to
the"tube eléctrodes. Consequently, the effective
resistance of the deflecting network 23 is made
45° relatively’ small.” In one preferre form of ap-
paratis emibodying the invention, it is desirable
to derive the unidirectional voltage supplies for
theeentering hetwork 48 from the voltage divider
network” which furnishes accelerating voltages to
506 the‘electrdn‘multiplier housed in the target anode
14-of Fig. 1. Ordinarily such a voltage supply is
Incapable-of furnishing current in any substan-
tialmagnitude.’ Thérefore, in order to minimize
the curfent drain on sich a power supply, it is
55% necessary to so” construct the centering network
48 -that its'effectivé impedance is relatively high,
Suchra network may then he connected effectively
in parallel with the relativély low impedance de-
flecting network 23. Such an arrangement fur-
60" theridecreases the effective impedance connected
tothe tube electrodes so as to insure satisfactory
operation of the tube and at the same time does
not'require voltage supplies such as those repre-

__sented by the batteriés T4 and 84 which have to
85" furnishany appreciable current.

Nevertheless, an arrdngement such as that il-
lustrated in Fig. 2 requires a large number of
ciréuit components to provide two voltage dis-
tribution’ networks, one for deflecting and one

70+ for~centering ‘the electrori beam. Furthermore
anarrangement of this type requires decoupling
of 'the two networks for direct current. A plu-
rality of condensers such as 47 are reouired for
thiy purpose.~ These condensers must be of ap-
75 Preciable’ sizeé’so thdt they nidy be employed in

&
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onjunction with the low frequency deflecting
oltage which, in a television tube, is of the order
f 60 cycles per second. The presence of these
ondensers has a distorting influence on the de-
lecting voltages. ¥ven though these voltages
nay be supplied to the network 23 with good
Inearity characteristics the voltages which are
mpressed upon the tube electrodes from the net-
york hranches tend to be distorted somewhat

rom linearity by reason of the fact that coupling *"

:ondensers such as 47 are employed.

As will be disclosed presently, certain ones of
ome other forms of the invention may be em-
loyed to overcome the disadvantage of using cou-
sling condensers between the voltage distribut-
ng network and the tube electrodes. The ad-
rantage of cbviating the use of the coupling con-
lensers, however, Is offset somewhat by the re-
iwirement that other sources of unidirectional
roltages must be furnished which are capable
»f producing a greater flow of current than the
sower system used primarily to furnish accelerat-
ne voltages to an electron multiplier.

Reference now will be made to Fig. 3 Whlch
liagrammatically illustrates another form of the
nvention. In this case the invention is shown
n coniunction with a trbe which is provided with
sight field producing electrodes. The tube 91 is
shovm in transverse section. It is provided with
sight. elongated electrodes such as 92 uniformly
snaced.in g circle around the interior veriphery of
the tube envelone. In this case the electrodes are
situated in such a manner that the vertical and
horizontal axes of the tube lie mid-way between
two adjacent electrodes. The electron beam con-
trolling fields which are to be produced by these
electrodes are for effecting movement of the beam
in the two coordinate directions corresponding to
these axes.

The volfage distributing network which is used
in coniunction with a tube having electrodes ar-
ranced in this manner is, as in all forms of the
present invention, a balanced bridge arrangement
of a plurality of impedance devices. The arrange-
ment of the imvedance devices is such that the
network has a mirror electrical symmetry about
four axes each located at sneles of 45 degrees
relative to one another. In this case, there is
provided a network 93 which comprises four
branches 94, 95. 96 and 97. These branche< are
arranged in a series connection forming a closed
loop and corresponds in this respect to the ex-
terior branches of the networks 23 and 48 of
Fig. 2. Fach of the branches is substantially
identical to the others in total impedance and
each branch comvrises the series connection of
three resistors. For example. the branch 94 in-
cludes resistors 98, 99 and {0f. The terminals
of each of the branches are connected to ter-
minals of two of the other branches as shown.
The intermediate junction or tap points between
the three resistors of each branch are connected
respectively to two of the tube electrodes. For
example, the tap point 102 and the tap point 183
of branch 94 are connected respectively to the
tube electrodes I and II.

The corner points of the network are con-
nected in conjugate pairs to the voltage supplies
for producing the desired fields within the tube.
For effecting horizontal deflection of the electron
beam the corner points 104 and (05 are coupled
respectively by condensers (08 and #0T to the
output terminals of a source 108 of high fre-
quency deflecting voltage. As in the previous

ot
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instance this source is capable of supplying o
these two corner points a push-pull saw-tooth
voltage of considerable magnitude which is bal-
anced relative to ground.” Likewise the corner
points 109 and 11 are coupled respectively by
condensers 112 and (13 to a source (14 of low
frequency deflecting voltage which also is a bal-
anced push-pull saw-tooth voltage.

In addition, the corner points 104 and 185 are
coupled respectively through isolating resistors
{15 and 118 and further through respective po-
tentiometers 1T and {18 to a source of uni-
directional voltage which is represented in the
drawing as a battery 119.. The potentiometers
t{7 and 118 are arranged for simultaneous ad-
justment by means of 3 single control knob 121,
The corner points {08 and 11{ similarly are cou-
pled respectively through isolating resistors 122
and 123 and respective potentiometers 124 and
125 to the battery 119. The potentiometers 124
and 125 also are arranged for simultaneous ad-
justment by a knob [26.

The network 83 is so constructed that the prop~
er voltage distribution is effected to the various
tube electrodes dependent upon their angular re-
lationship relative to an axis of symmetry of the
electrodes. 'This is accomplished by selecting the
proper impedance values for the resistors com-
prising each of the network branches.. The im-
pedance values of these resistors are so propor--
tioned to impress upon any given one of the elec-
trodes located at an angle A relative to an axis
of symmetry a voltage which is proportional to
V1 sin A+V2 cos A where V1 and V2 are the
respective voltages impressed upon the two pairs
of corner points of the network.

In this particular form of the network all
resistors such as 98 and 100 which connect to
corner points of the network are of equal values.
In general, let ws represent the impedance value
of suech resistors. ‘The resistors such as 99 con-
nected at the centers of each of the branches
also are equal to one another in impedance which
may be represented by we. In order to develop
the desired voltages for impression upon the tube
electrodes, the ratio ws/ws must be equal to 2.
The actual values of these network resistors will
depend upon the total impedance which is de-
sired for the network.

The operation of the apparatus illustrated in
Fig. 3 is substantially the same as that previously
described in connection with Fig. 2. The high
frequency deflecting voltage derived from the
source 108 is effective to produce a component: of
the field within the tube whereby the electron
beam is deflected over a target electrode at a
relatively rapid rate in a horizontal direction,
for example. The low frequency deflecting volt-
age derived from the source {14 is effective to
produce 2 component of the field within the tube
whereby the electron beam is deflected vertically
relative to a target electrode at a relatively slow
rate. The unidirectional voltages derived irom
the battery 119 are impressed upon the network
93 by the two pairs of potentiometers 117—1{18
and 124—125. A relatively constant component
of the field within the tube is produced by such
means to suitably orient the electron beam with
respect to the target electrode. Adjustment of
the beam orientation is accomplished horizontally
by manipulation of the knob {21 and vertically
by the knob 126.

Referring now to Fig. 4, there is shown another
embodiment of the invention for use with a tube
J21, also having eight elongated electrodes 128
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uniformly spaced. in a circle around.the:interior
periphery of the -tube envelops. ' In . this case,
however, two pairs of opposite electrodes are 10-
cated so that they lie respectively on the vertical
and horizontal axes of the tube. The deflection
of-the electron beam is to be effected relative to
these axes.

The tube electrocdes are courled: to a -voltage
distributing network 129 by means of which suif-
able :voltages: are -impressed upon the-electrodes
to produce the field necessary to effect the desired
control of the electron beam. As-in -all forms
of: the - invention,, the network consists:.of a
balanced bridge arrangement of a pluratity: of
impedance - devices. . The -connections:of - these
impedance devices- and. the respective -values
thereof is-such that the network has a .mirror
electrical: symmetry about four axes each:1ocated
atrangles of 45 degrees relative to one-another.
The network 129 consists of four exterior branches
131, 132, 133, and 134 connected-in:series to form:
a, closed loop having two pairs-of corner:poirts
188138 :and 187-—§39.. The network-also in-
cludes four interior branches {39; 144,142 and:{43:
The interior branches are connected in-pairs-in
series between respzctive ‘pairs.of-corner points;
For:example; the interior branches 139 and: (42
are connected in series between the corner points
135 and 128, Similarly, the interior -branches
{41 and 143 are connected in-series: between-the
corner points: 137 and-1388.: The. mid=points::of.
each of the two series connections of the-interior
branches are-connseted together and,; as described.
in' connection with Fig. 2; preferably: may. be
grounded.

The sources-of. the voltages which: it is desired
to.distribute to the tube electrodes by means of:
the network . 128 are- illustrated in this: figure
diagrammatically. A source 144:of a-voltage. Vi:
is:coupled to-the corner points 135-~136: Another:
source 145 of a.voltage V2 is similarly:coupled.to:
the corner peints 137-—138." Tt will'be understood:
that the voltage sources  144—i{45: may furnish

either: the deflecting voltdges or the -centering:

voltages,:-or both.,

Tni-this- form: of “the - invention, the :network:

129 has two. resistors in each of the exterior.and

interior branches thereof: For example, the ex-.
terior branch {31 consists of the series connection:
of. two -resistors 146 and. 181 A typical interior:
branch of the:network such as the branch: 39
consists of the series connection of two resistors-
Selected- intermediate tap. points:
on the network branchss are connected: respec-
tively ‘to- the various tube electrodes -as indicated:
For-example, -the: tap:
or-junction point {51 between the-resistors 146
and {47 of the exterior network branch 131 is

148 7and 149.
by:the Roman numerals.

connected to the tube electrode I.
The impedance values of the- network com-

ponents ‘are selected to . distribute. the - voltages
In-each of the:
exterior branches of the network the two resistors-

properiy to the tube electrodes:

such 25 146 and 147 of the branch. {3} are of the
same impedance: As in previous cases, the total
impedance of each of the -exterior branches nay
he represented by ws. Also; the total impedance

of each of-the inferior branches.such as the-

branch {39 may be represented by we.. In this
form of the.invention, as in that disclosed: in

Fig. 2, the relationship between ws-and. we.is arbi- .
trary. The two resistors comprising each: of. the-

interior branches such as the. resistors .148 -and

148 of the branch 138 are related.to one another
in impedance in such a manner that the value of :
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IV and XIT lie on the horizontal axis.

14
the resistor :148-and:-all others like it-in the other
interior branches is substantially equal to-0.293ws
and the value of the resistor 149 and all -others
like it in the:other interior branches ‘s substan-~
tially equal to 0.707ws.

The operation of the form of the invention
illustrated in: Fig. 4-is similar to that previously
described .in .connection with other forms of the
invention and consequently need not be described
in any further detail.

Referring now to Fig. 5, there is shown 3 net-
work  capable of effecting the desired voltage
distribution to sizteen: field producing .electrodes
of a cathode ray. tube. The electrodes (not
shown)  are uniformly spaced in a circle around
the-interior: periphery ‘of. the tube envelope and
are.arranged-as in Figs. 2 and 4, so that two
Dairs- of :opposite electrodes lie on two - coordi-
nate -axes -of. the tube.

For such:a.tube there is provided a -voltage
distributing network:152. It has a form simi-
lar-to:that.of all other. networks embodying :the
invention-and. consists of a balanced bridge ar-
rangement. of a plurality of impedance devices

- s0:connected: as to produce.a network having a.

mirror: electrical symmetry about four axes lo-
cated at angles of 45. degrees relative to one
another.. In-this case the network comprises
four rexterior- branches- 153, 154, 155 and {53
connected- together: in: series so as to. form a
closed loop-having: two pairs  of - corner points
{87—158 .and: 159-—161. Each of the exterior
branches, such as the branch £53, consists of a

. series -connection of two. resistors: {62 and {83.
" The:network also includes four interior branches

164,165, 166.and 161, each of which is made up
of the series connection of three resistors. The
branch. 184, for example, includes resistors 168,
169 and 171" The interior branches 164 and |66
are -connected: together in series between the
corner: points - 157—188. 'The interior branches
165 and. 187 are connected in series between the
corner - points. 159—i6{. In this form of the

. invention: the network also includes four guxil-

iary-branches 172, {13; (74 and {75. The auxil-
iary branches-are connected in series to form a
closed-loop' much in the same manner as the
exterior branches are :connected.. Fach of the
auxiliary branches, consists of the series connec-
tion-of three resistors. The auxiliary branch
172, for -example, comprises- resistors {16, 117,
178. The terminals of each of the auxiliary
branches ‘are. connected: to  intermediate junc-
For -ex-
ample; the terminal of the auxiliary branch 112
extending. from: the resistor 176 is connected to
the junction point between the interior branch
resistors- 168 and. §74. Corresponding terminals
of.all.other-auxiliary exterior branches are simi-
larly connected to the interior branches.
Asource: {79 cf o voltage Vi is coupled to the -
corner points {87—!58. Also, a source {81 of
a-voltage V2 is connected to the corner points

“159—(6!. The nstwork {52 is designed ‘to fur-

nish - field producing voltages to sixteen elec-
trodes of -3 tube whersin the clectrodes VIIT and
XIV lie on the vertical axis and the electrodes
All of the
tube electrodes are connected to selected inter-
mediate or tap points on the network as indi-
cated by the Roman numerals.

The impedance. relationship between the vari-
ous components. of the.network.are. chosen. to..
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impress voltages upon the respective tube elec-
trodes whereby to produce the desired field for
controlling the electron beam. The resistors em-
ployed in each of the exterior branches all are of
equal impedance values. For example, in the
exterior branch 153, the total impedance there-
of may be represented by wi. In this case the
values of each of the resistors such as 162 and
163 will be represented as 0.5w7. The total im-
pedance of each of the auxiliary branches such
as 172 may be represented as ws. The resistors
{76 and 178 and all others like them in the other
auxiliary branches are equal to 0.293ws. - The
value of the resistor {77 and all others like it of
the other auxiliary branches is equal to 0.414ws.
The combined impedance of the resistors 168 and
169 -of the interior branch (64 and all others
like them of the other interior branches may be
represented as we. The impedance of the re~
sistor 168 and all others like it is substantially
equal to 0.765ws. The impedance of the re-
sistor §7{ and all others like it of the other in-
terior branches ‘is substantially equal to
0.0817wmws/wr--ws. The relationship between
the impedance values wr, ws and ws are arbitrary
and may be chosen to produce a network having
any desired effective impedance.

The operation of the form of the invention
illustrated in Fig. 5 is substantially the same as
the operation of all other forms of the inven-
tion and, therefore, will not be described.

The general character of the impedance net-
works in accordance with the present invention
may be determined from a consideration of the
typical examples which have been disclosed here-
in by way of illustration. As previously stated,
the invention is not limited fo any particular
specific form of network so long as it is of such
a character to satisfy certain underlying essen-
tials. One of these essential requirements of
a network within the scope of the invention is
that it be a balanced bridge arrangement of a
plurality of impedance devices. The character
of the impedance devices is immaterial so long
as, in a given network, they are all of the same
kind. The arrangement of the impedance de-
vices must be such that the network is provided
with a plurality of pairs of conjugate corner
points; one pair for each of the voltages which
it is desired to distribute. The character- of
these voltages is immaterial to the successful
practicing of the invention. They may be uni-
directional voltages having fixed or variable mag-
nitudes. Also, they may bhe voltages of a pe-
riodic character such as an alternating voltage
which is cyclically variable as a function of time.
Another requirement of a network falling within
the scope of the invention is that it have a mirror
electrical symmetry about all of a plurality of
equiangular axes, as for example, four axes lo-
cated at angles of 45 degrees relative to one an-
other.

Such a network may be used to distribute volt-
ages to a plurality of electrodes uniformly spaced
around a cirele, as illustrated herein. It does not
matter whether pairs of opposite electrodes lie on
axes of symmetry of the electrodes or whether
these axes are located at an equal distance be-
tween adjacent electrodes. In either case the
impedance devices of the network may be suitably
proportioned to impress upon the electrodes re-
spective voltages which are proportional to the
angular relationships of the electrodes with re-
spect to an axis of symmetry thereof.
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It should be obvious from the foregoing descrip-
tion that practically any even number of voltages
may be distributed to a plurality of electrodes by
means of a network embodying the present inven.-
tion. Also, it is considered to be apparent that,
while for illustrative purposes a television tube
operating according to the conventional recti-
linear scanning pattern has been described, a net-
work of the character disclosed also is susceptible
of use with other cathode ray tubes which may be
operated according to substantially any other de-
sired scanning pattern.

While there has been described what, at pres-
ent, is 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 aimed, therefore, 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, 4k electrodes uni-
formly spaced in a cirele around the path of said
beam k being equal to any whole number, a volt-
age distributing network consisting of a balanced
bridge arrangement of a plurality of branches
having impedance, said branches being connected
so as to give said network a mirror electrical sym-
metry about four axes located at angles of 45 de-
grees relative to one another, said network hav-
ing two pairs of corner points, two sources of
voltages VI and V2 connected to the respective
pairs of network corner points, 4%k tap points pro-
vided on said network branches, said tap points
being connected respectively to said electrodes,
and the impedances of said network branches
being so proportioned to impress upon any given
one of said electrodes located at an angle A rela-
tive to an axis of symmetry of said electrodes, a
voltage proportional to V1 sin A4-V2 cos 4.

2. A system for deflecting an electron beam
comprising, 4% elongated electrodes uniformly
spaced in a circle around the path of said beam,
% being equal to any whole number, a deflecting
voltage distributing network consisting of a bal-
anced bridge arrangement of a plurality of im-
pedance devices, said impedance devices being
connected so as to give said network a mirror elec-
trical symmetry about each of four axes located at
angles of 45 degrees relative to one another, said
network having two pairs of corner points, two
sources of deflecting voltages VI and V% con-
nected to the respective pairs of network corner
points, 4% tap points provided in said network
between certain ones of said impedance devices,
said tap points being connected respectively to
said electrodes, and the impedance devices of said
network being so proportioned to impress upcn
any given one of said electrodes located at an
angle A relative to an axis of symmetry of said
electrodes, a voltage proportional to

V1 sin A4-V2 cos 4.

3. A system for deflecting an electron beain
comprising, a plurality of elongated slectrodes
Jocated in spaced positions around the path of
said beam, a deflecting voltage distributing net-
work consisting of a balanced bridge arrangement
of a plurality of exterior branches connected to-
gether to form a closed loop and a plurality of
interior branches connected between respective
pairs of conjugate points of said exterior
branches, a source of high frequency deflecting
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voltage coupled to:one pair of:said-conjugate net-
*“work: points, a:source.of:low freguency. deflecting

‘voltage coupled:to the'other pair.of said: conjugate
" network points, and couplings:between points on

said network branches.and respective ones of said -

- electrodes, whereby: to:deflect said beam- by all of
©said electrodes-in one.direction in response to said
high  frequency déflecting:voltage and to deflect
said beam by all: of sdid electrodes in another di-
rection i response:to-said low frequency deflect-
-.ing voltage.
4. A system:for :deflecting an electron beam
/‘comprising, a plurality;of elongated electrodes
located in spaced:.positions around the path of
said beam a deflecting voltage distributing net-
work consisting of a ‘balanced: bridge arrangement
--of a plurality of exterior branches connected to-
-gether to form a closed loop and an equal number
of :interior branches-conzeeted in: pairs between
‘respective pairs of conjugate points of ‘said ex-
terior branches, a-source of high freguency de-
flecting voltage coupled:to one pair of said cone
jugate network: points, & source of low frequency
-deflecting voltage coupled to: another:pair of said
wconjugate network: points, and-couplings-bhetween
selected points:on said network branches and re-
spective ones of said electrodes; whereby to deflect
said beam by all of:said:electrodes in one direction
in response to said high frequency deflecting volt-
--&ge and:to deflect-said-beam by all of said elec-
trodes in‘another direction in response to said low
s freguency deflecting voltage.

5. A:system for deflecting an electron beam
.-comprising,- a. plurality of elongated electrodes
~located in uniformly spaced positions around the

path of said beam, a -deflecting voltage distribut-
..ing network consisting: of a balanced bridge ar-
~rangement of an even number of substantially
: equal impedance exterior branches connected in
~geries to form a closed: loop and an even number
~of substantially - equal ‘impedance - interior

branches connected in pairs in series between
- respective pairs of conjugate points of said ex-
::terior branches, a source of high frequency de-

= flecting voltage -coupled to one pair of said con- _

- jugate network points, a source of low frequency
= defleeting voltage coupled to another pair of said
- conjugate - network - points, and couplings be-
- tween selected points- on said network branches

i.and respective ones of said electrodes, whereby o

to deflect said beam. by all of said electrodes in
-one direction in respoense to said high frequency
. deflecting voltage and-to deflect said-beam by all
: of:said electrodes in another direction in response
to said low frequency deflecting voltage.
+ 6. A system  for.-deflecting an -electron beam
comprising, a plurality of elongated - electrodes
located in uniformly spaced positions around the
.. path of said beam, a deflecting voltage distribut-
.ing network consisting of a balanced bridge ar-
‘rangement of four substantially equal impedance
: exterior branches connected in series:to form a
«-closed loop and four substantially equal imped-
z-ance:interior branches: connected. in-pairs-in se-
ries between respective pairs of conjugate points
- ‘of said exterior branches; said . interios branches
being connected together at:their mid points, a
=.source .of :high  frequency: deflecting voltage
coupled to one -pair of said-conjugate ‘network
points; a source of low:frequency deflecting volt-
-age coubled to the other pair of said conjugate
cmetwork points,” and: couplings between' selected
:points:on said network:branches and respective
v~ones ‘of:said ‘electrodes; whereby.to  deflect said

beam by all of said electrodes-in one direction in .
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response to-said high-frequency- deflecting volt-
age and to deflect said beam by all of said elec-
trodes in another direction in response to said
low frequencydeflecting voltage.

7. A system for:deflecting an electron beam
comprising, a.'plurality of elongated electrodes
located in uniformly spaced positions arcund the
path of said beam; a deflecting voltage distribut-
ing network-consisting of a balanced bridge ar-
rangement of four substantially equal impedance
exterior branches-connected in series to form a
closed loop and four substantially equal imped-
ance interior branches connected in pairs in se-
ries between respective pairs of conjugate points
of said exterior branches, said interior branches
being grounded-at'-their mid points for alter-
nating voltages;: a;:source: of high frequency de-
flecting voltage coupled to one pair of said con-
jugate network points, & source of low frequency
deflecting voltage::coupled ‘to the other pair of
said conjugate -network points, and couplings
between selected-intermediate points-on said net-
work branches -andsrespective ones of said elec-
trodes, whereby to:deflect said beam by all of
said electrodes in.onedirection in response to said
high frequency:deflecting voltage and to defiect
said beam by:all- of said- electrodes in another
direction in response-to 'said low frequency de-
flecting voltage.

8. A system"for-controlling-an electron keam
relative to a target-electrode comprising, a plu-
rality of electrodes-located-around the path of
said beam, a distributing network for beam-de-
flecting voltages; a distributingnetwork for volt-
ages by which-toorient-said beam relative to said
target electrode;each:of -said networks -consist-
ing of a balanced-bridge-arrangement of a plu-
rality of exterior-branches connected to form a
closed loop and a plurality of interior branches
connected between:respective pairs-of -conjugate
points of said exterior-branches, a source of high
frequency . deflecting: voltage coupled to one pair
of conjugate points-of-said- deflecting voltage-
distributing network; a-source- of low frequency
deflecting voltage connected to the other pair of
conjugate points of said deflecting voltage-~dis-
tributing network, couplings between points on
saild deflecting voltage-distributing mnetwork
branches and respective ones of said electrodes,
whereby to deflect said beam by all of said elec-
trodes in one direction -in response to said high
frequency deflecting -voltage and to defleet said
beam by all of said electrodes in another direction
in response to said low frequency deflecting voit-
age, a source of unidirectional voltage coupled to
each pair of conjugate points of said orienting
voltage-distributing network, couplings between

- points on said orienting voltage-distributing net-

work branches and:respective ones of said elec-
trodes, and meang for:varying at least one of the
unidirectional voltages impressed upon the re-

- spective pairs of conjugate points of said orienting

- voltage-distributing network, whereby to control
* the orientation’ of :said beam relative to said tar-

70

get electrode.

9. A system” for controlling an electron beam
relative to a target electrode comprising, a plu-
rality of electrodes located around the path of
seid beam, a distributing network™ for beam-
deflecting voltages, a ‘distributing network for
voltages by which to orient said beam relative to
said target electrode, each of said networks con-
sisting of a balanced bridge arrangement of a
plurality of exterior branches connected together
to form a closed: loop-and: an equal number of
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1terior branches connected in pairs between re-
osctive pairs of conjugate points of said ex-
srior branches, a source of high frequency de-
ecting voltage coupled to one pair of conjugate
oints of said deflecting voltage-distributing net-
rork, a source of low frequency deflecting voltage
onnected to the other pair of conjugate points
£ said deflecting voltage-distributing network,
ouplings between suitable points on said de-
lecting voltage-distributing network bhranches
nd respective ones of said electrodes, whereby to
leflect said beam by all of said electrodes in one
lirection in response to said high frequency de-
lecting voltage and to deflect said bsam by all
i said electrodes in another direction in response
o said low frequency deflecting voltage, a source
i unigdirectional voltage coupled to each pair
f conjugate points of said orienting voltage-
listributing network, couplings between points
m said orienting voltage-distributing network
sranches and respective ones of said electrodes,
ind means for varying the unidirectional volt-
wges impressed upon the respective pairs of con-
ugate points of said orienting voltage-distribut-
ng network, whereby to control the orientation
»f said beam relative to said target electrode.
10. A system for controlling an electron bearm

relative to a target electrode comprising, a plu-.

rality of electrodes located in spaced positions
around the path of said beam, a distributing net-
work for beam-deflecting voltages, a distributing
network for voltages by which to orient said beam
relative to said target electrode, each of said net-
works consisting of a balanced bridge arrange-
ment of an even nnmber of substantially equal
impedance exterior branches connected in series
to form a closed loop and an even number of
substantiallv equal impedance interior branches
connected in pairs in series between respective
pairs of conjugate points < of said exterior
branches, a source of high frequency deflecting
voltage coupled to one pair of conjugate points
of said deflecting voltage-distributing network, 2
source of low frequencv deflecting voltage con-
nected to the other pair of conjugate points of
said deflecting voltage-distributing network. cou-
plings between selected points on said deflecting
voltage-distributing network branches and re-
spective ones of said electrodes. whereby to de-
fleet said beam by all of said electrodes in one
direction in response to said high frequency de-
flecting voltage and to deflect said beam by all
of said electrodes in another direction in response
to said low freauency deflecting voltage, a source

of unidirectional voltage coupled to each pair of !

coniugate points of saidl orienting voltage-
distributing network, couplings between selected
points on said orienting voltage-distributing net-
work branches and respective ones of said elec-
trodes, and means for varying the unidirectional
voltages impressed upon the respective pairs of
conjugate points of said orienting voltage-
distributing network, whereby to selectively con-
trol the orientation of said beam in two coordinate
directions relative to said target electrode.

11. A system for controlling an electron beam
relative to a target electrode comprising, a plu-
ralitv of elongated electrodes located in spaced
positions around the path of said beam, a dis-
tributing network for beam-deflecting voltages,
a distributing network for voltages by which to
orient said beam relative to said target electrode,
each of said networks consisting of a balanced
bridge arrangement of four substantially equal
impedance exterior branches connected in series
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to form a closed loop and four substantially equal
impedance interior branches connected in pairs
in series between respective pairs of conjugate
points of said exterior branches, a source of high
frequency deflecting voltage coupled to one pair
of conjugate points of said deflecting voltage-
distributing network, a source of low frequency
deflecting voltage connected to the other pair of
conjugate points of said deflecting voltage-
distributing network, couplings between selected
peints on said deflecting voltage-distributing net-
work branches and respective ones of said elec-
trodes, whereby to deflect said beam by all of
said electrodes in one direction in response to
said high frequency deflecting voltage and to de-
fiect said beam by all of said electrodes in another
direction in response to said low frequency de-
flecting voltage, a source of unidirectional volt-
age coupled to each pair of conjugate points of
said orienting voltage-distributing network, cou-
plings between selected points on said orienting
voltage-distributing network branches and re-
spective ones of said electrodes, and means for
varying the unidirectional voltages impressed
upon the respective pairs of conjugate points
of said orienting voltage-distributing network,
whereby to selectively control the orientation of
said beam in two coordinate directions relative
to said target electrode.

12. A system for controlling an electron beam
relative to a target electrode comprising, a plu-
rality of elongated electrodes located in uniformly
spaced positions around the path of said beam,
a distributing network for beam-deflecting volt-
ages, a distributing network for voltages by which
to orient said beam relative to said target elec-
trode, each of said networks consisting of a bal-
anced bridge arrangement of four substantially
equal impedance exterior branches connected in
series to form a closed loop and four substantially
equal impedance interior branches connected in
pairs in series between respective- pairs of con-
jugate points of said exterior branches, a source
of high frequency deflecting voltage coupled to
one pair of conjugate points of said deflecting
voltage-distributing network, a source of low
frequency deflecting voltage connected to the
other pair of conjugate points of said deflecting
voltage-~distributing network, reactive couplings

o between selected intermediate points on said

deflecting voltage-distributing network branches
and respective ones of said electrodes, whereby
to deflect said beam by all of said electrodes in
one direction in response to said high frequency
deflecting voltage and to deflect said beam by
all of said electrodes in another direction in re-
sponse to said low frequency deflecting voltage, a
source of unidirectional voltage coupled to each
pair of conjugate points of said orienting voltage-
distributing network, conductive couplings be-
tween selected intermediate points on said orient-
ing voltage-distributing network branches and
respective ones of said electrodes, and means for
individually varying the unidirectional voltages
imoressed upon the respective pairs of conjugate
points of said orienting voltage-distributing net-
work, whereby to selectively control the orienta-
tion of said beam in two coordinate directions
relative to said target electrode.

13. A system for controlling the movement of
an electron beam comprising, a plurality of elec-
trodes uniformly spaced around the path of said
beam, a voltage-distributing network comprising
a plurality of impedance devices connected to
provide & balanced bridge, said network having
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“fwo-pairs-of -conjugate-corner points-and a plu-
~rality of tap points-at selected -intermediate posi-
- tions on said impedance deviees, a source of high
frequency-deflecting voltage-coupled to afirst pair

of -said ‘corner points, a-source:of low frequency- § -

deflecting voltage connected to a-second pair of
~said corner points,  a source of -unidirectional
:-horizental-centering ‘voltage coupled to said first
pair of corner points, a source of unidirectional
vertical-centering voltage coupled to'said second
«pair-of corner points, and-couplings between said
- network tap points- and- respective ones of said
- electrodes, said network tap points being selected
- 50 -as to impress the beam-controlling voltages
rupon - said-respective electrodes insuitable pro-
portions to- effect ‘the -production by all of said
- ‘electrodes ‘of g -homogensous- field-in the path
of said beam.

14: A system- for -controlling the movement of

-an electron beam comprising, a plurality of elec~
trodes uniformly ‘spaced around the path of said

- 'beam, a voltage distributing network comprising
a plurality of impedance devices connected to
provide a: balanced bridge, said network having

:two pairs of -conjugate corner points and a plu-
rality of tap points at selected intermediate posi-
tions on said impedance devices, a first source of
each of two independent voltages coupled to a
first pair of said-corner ‘points, a second source

. of each of two independent voltages connected
to a second pair of said corner points, and cou-
plings between said network tap points and re-
spective ones of said electrodes, said network tap
points being selected so as to impress the beam-

- controlling: voltages upon :said :respective: elec-
trodes in suitable proportions to effect the pro-
duction by all of said electrodes of a homogeneous
field in the path of said beam.

15. A system for controlling the movement of
an electron beam relative to two coordinate axes
comprising, a plurality of electrodes uniformly
spaced around the path of said beam, said elec-
trodes being located relative to said coordinate
axes so that the axes pass mid-way between pre-
determined adjacent electrodes, a voltage dis-
tributing network comprising a plurality of im-

. pedance devices connected to provide a balanced
bridge, said impedance devices being connected
in series to form a closed loop having two pairs
of conjugate corner points and a plurality of
intermediate tap points, means for impressing a
first voltage upon one pair of said conjugate
corner points, means for impressing a second
voltage upon the other pair of said conjugate
corner points, and couplings between said net-
work tap points and respective ones of said elec-
trodes, whereby to control the movement of said
beam by all of said electrodes in one direction
relative to said coordinate axes in response to
said first voltage and to control the movement of
said beam by all of said electrodes in another
direction relative to said axes in response to said
second- voltage, said network tap points being
selected so as to impress the beam-controlling
voltages upon said respective electrodes in suit-
able proportions to effect the production by all
of said electrodes of a homogeneous field in the
path of said beam.

18. A system for controlling the movement of
an electron beam relative to two coordinate axes
comprising, eight elongated electrodes uniformly
spaced around the path of said beam, said elec~
trodes being located relative to said coordinate
axes so that the axes pass mid-way between pre-
determined adjacent electrodes, a woltage dis- i3
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~tributing network-comprising a. balanced:-bridge
- arrangement of four -substantially equal imped-
< gnee branches  connected in series to form. a

closed loop having .two pairs of conjugate cor-
ner points, each-of-said branches: being provided
with two intermediate tap points, means for im-

" pressing a -first voltage upon one pair of said
conjugate -corner points, means for impressing a
~second voltage upon the other pair of said conju-
~gabe corner points and couplings between saidnet-

werk tap points and respective ones of said elec-
trodes; -whereby to control the movement of said

~“heam by all of said electrodes in one direction

relative to- said coordinate axes in response fo

said first volitzge and to control the movément ~

of said beam by allof said electrodes in another
direction relative -to said axes in response to

=-said second voltage.

17. A system for controlling the movement of
an electron beam relative to two coordinate axes
comprising, a plurality of electrodes uniformly

: gpaced. around the path of said beam, two pairs

of cpposite electrodes lying respectively on said

“two axes, a voltage. distributing network com-

prising o balanced bridge arrangement of. a
plurality of ‘substaritially equal impedance ex-
terior hranches connected in series to form a
closed loop and a plurality of substantially equal
impedance interior:branches connected in pairs
in series between respective pairs of conjugate

- points of said exterior branches, each of said
~network branches being provided with at least
."one intermediate tap point, means for im-

pressing a first voltage upon one pair of said
conjugate network points, means for impressing
a second voltage upon the other pair of said con-
jugate network points, and couplings between
said network tap points and respective ones of
said electrodes, whereby to control the move-
ment of said beam by all of said electrodes in
one direction relative to said coordinate axes in
response to said first voltage and to control the
movement of said beam by all of said electrodes
in another direction relative to said coordinate
axes in response to said second voltage.

18. A system for controlling the movement of
an electron beam relative to two coordinate axes
comprising, twelve elongated electrodes uni-
formly spaced around the path of said beam,
two pairs of opposite electrodes lying respectively
on said two axes, a voltage distributing network
comprising a balanced bridge arrangement of
four substantially equal impedance exterior
branches connected in series to form a closed
loop and four substantially equal impedance
exterior branches connected in pairs in series
between respective pairs on conjugate points of
said exterior branches, each of said exterior
branches being provided with two intermediate
tap points and each of said interior branches
being provided with one intermediate tap point,
a source of g first voltage coupled to one pair of
said conjugate network points, a source of a
second voltage coupled to the other pair of said
conjugate network points, and couplings be-
tween said network tap points and respective
ones of said electrodes, whereby to control the
movement of said beam by all of said electrodes
in one direction relative to said coordinate axes
in response to said first voltage and to control
the movement of said beam by all of said elec-
trodes in another direction relative to said axes
in response to said second voltage.

19. A system for controlling the movement of
an electron beam relative to two coordinate axes
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comprising, a plurality of electrodes uniformly
spaced around the path of said beam, a voltage
distributing network comprising a balanced
bridge arrangement of a plurality of substan-
tially equal impedance exterior branches having
intermediate tap points and connected in series
to form a closed loop having two pairs of cor-
ner points, a plurality of substantially equal
impedance interior branches having infermedi-
ate tap points and connected in pairs in series
between respective pairs of corner points of said
exterior branches and a plurality of substantially
equal impedance auxiliary branches having in-
termediate tap points and connected in series
to form a closed loop having two pairs of con-
jugate points connected respectively to corre-
sponding tap points on said interior branches,
means for impressing a first voltage upon one
pair of said corner network points, means for
impressing a second voltage upon the other pair
of said corner network points, and couplings be-
tween said network tap points and respective
ones of said electrodes, whereby to control the
movement of said beam by all of said electrodes
in one direction relative to said coordinate axes
in response to said first voltage and to controcl
the movement of said beam by all of said elec-
trodes in another direction relative to said co-
ordinate axes in response to said second voltage.

20. A system for controlling the movement of
an electron beam relative to two coordinate axes
comprising, sixteen elongated electrodes uni-
formly spaced around the path of said beam,
two pairs of opposite electrodes lying respectively
on said two axes, g voltage distributing network
comprising a balanced bridge arrangement of
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four substantially equal impedance exterior
branches having intermediate tap points and
connected in series to form a closed loop hav-
ing two pairs of corner points, four substan-
tialiy equal impedance interior branches hav-
ing intermediate tap points and connected in
pairs in series between respective pairs of cor-
ner points of said exterior branches and four
substantially equal impedance auxiliary branches
having intermediate tap points and connected
in series to form a closed loop having two pairs
of conjugate points connected respectively to
corresponding tap points on said interior
branches, a source of a first voltage coupled to
one pair of said corner network points, a source
of a second voltage coupled to the other pair
of said corner network points, and couplings
between said network tap points and respec-
tive ones of said electrodes, whereby to con-
trol the movement of said beam by all of said
electrodes in one direction relative to said co-
ordinate axes in response to said first voltage
and to control the movement of said beam by
all of said electrodes in another direction rela-
tive to said coordinate axes in response to said
second voltage.
HANS W. G. SALINGER.
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