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8 Claims.

My invention relates to magnetic field neu-
tralizing arrangements and particularly to field
compensating devices for use with electron dis-
charge tubes.

I have found that certain electron discharge
tubes are affected and disturbed by stray mag-
netic fields such as the earth’s magnetic field
which change the path of an electron beam from
the desired trajectory, thereby introducing dis-
tortion or displacement. To overcome this diffi-
culty it has been proposed to utilize a strong mag-
netic field having lines of force parallel with the
desired beam trajectory, but such arrangements
are ineffective to remove the distortion, This
distortion effect is particularly noticeable in elec-
tron tubses of the low velocity electron beam type,
stich as the type of television transmitting tube
utilizing a low velocity electron beam from a
cathcde to scan a target which is at or near
cathode potential. The effect of a stray mag-
netic field on the low velocity beam is to dis-
place the beam while it is passing from the
cathode to the target under the influence of
the defiection forces such as the horizontal and
vertical deflection fields to which the beam is sub-
jected. The difficulty becomes even more aggra-
vated when a tube is moved so that the axis of the
electron beam is tilted with respect to the hori-
zontal or vertical compcnents of the field. An
example of this condition is the use of an electron
discharge tube of the television transmitting type
mounted on a tripod and used as a panoramic
camera.

It is an object of my invention to provide an
electron discharge device with means to compen-
sate stray magnetic fields over a volume within
which the device may operate. It is another ob-
ject of my invention to provide a magnetic field
compensating system in combination with an elec-
tron discharge device subjected to varying mag-
netic fieids. It is a still further object to provide
a magnetic field neutralizing device for use with
television ftubes and other devices subjected to
varying magnetic fields.

In accordance with my invention I provide
means to generate a magnetic field or fields which
neutralize stray magnetic fields irrespective of
the direction of the stray magnetic field by pro-
viding an electron tube wherein a beam of elec-
trons is subjected to the field to be neutralized
and collected in accordance with the deflection of
the beam caused by the field to produce currents
which are used to neutralize the stray magnetic
field surrounding a space in which little or no
stray magnetic field is desired, This space in
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which the stray magnetic field is neutralized may
be occupied by a device such as a television cath-
ode ray tube which is normally sensitive to stray
fields.

These and other objects, features and advan-

tages of my invention will appear and a better.

understanding of my invention will be obtained
from the following description taken in connec-
tion with the accompanying drawings, in which:

Fig. 1 is a longitudinal view partially in section
illustrating one form of my magnetic field neu-
tralizing tube. .

Fig. 2 is a plan view showing a portion of the
electrode structure of the tube of Fig. 1,

Fig. 3 is a schematic view of the principal parts
of my device and its circuit connections and

Fig. 4 is a sectional view of a cathode ray tube
showing the location of the field neutralizing coils
shown schematically in Fig, 3.

Considered broadly, my device comprises means
to subject an electron beam to the stray magnetic
field which varies the degree of deflection of the
beam to generate voltages or currents which vary

in magnitude or intensity in accordance with the

effect of the stray magnetic field upon the elec-
tron beam. These voltages or currents are uti-
lized to generate compensating electro-magnetic
fields occupying the space over which field com-
pensation is desired. More specifically, my de-
vice includes a cathode ray tube subjected to the
stray magnetic field so that the beam within the
tube may be directed to one cor more of a plu-
rality of electrodes depending upon the horizontal
and vertical components of the stray magnetic
field to generate currents or voltages which are
amplified to produce electric currents which are
fed to suitably arranged neutralizing coils so that
the space enclosed between the coils is freed from
the undesired magnetic field for all directions of
. the field.

Referring to Figs. 1 and 2 of the drawings, my
control tube preferably comprises an evacuated
elongated envelope or bulb { enclosing at one end
an electron gun structure 2 and at the opposite
end facing the eleciron gun a composite target
electrode 3. The electron gun is preferably of a
type which produces an electron beam having a
square cross-section and comprises a cathode 4
from which electrons may be drawn, a control
electrode 5 connected to the usual biasing battery
and an apertured or first anode 6 maintained posi-
tive with respect to the cathode 4. The first anode
6 is preferably provided with a square masking
aperture to provide an electron beam having a
square cross-section. The electron stream leaving,
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2
the cathode 4 is accelerated by the first anode 6
and formed into an electron beam having a square
cross-section focused on the composite target elec-
trode 3 by a second anode 7 which is preferably
a conductive coating on the wall of the envelope
between the first anode 6 and the target electrode
3. The first anode 6 and the second anode T are
maintained at low positive potentials with respect
to the cathode by a battery 8.

The composite target 3 preferably comprises
four triangular-shaped electrodes or segments at
the end of the tube opposite the electron gun and
equally spaced with respect to and about the nor-
mal undefiected path of the beam. The segment
electrodes 10 and {1 are on opposite sides of the
undeflected beam path and the segments {2 and
{3 are similarly located but displaced 90° from
the segments {6—I1{. 'The electron beam from
the electron gun 2 is focused to give a constant-
density beam and directed so as to impinge equal-
ly on all four target segments, the sides of the
square cross-section of the beam being parallel
or perpendicular to the edges of the triangular seg-
ments which intersect at the center of the target.
The static position of the beam on the target sec-
tions is shown by the area enclosed by the dis~
continuous lines in Fig. 2. Hach of the segments
is provided with a current-carrying lead sealed
through the end wall of the bulb { which may
serve as a mechanical support for the individual
segments.

It will be appreciated from the foregoing de-
scription of the tube shown in Fig. 1 that if the
tube is subjected to a magnetic field such that the
magnetic field intersects the tube axis at an an-
gle, the magnetic field will deflect the electron
beam from its normal position. Thus the beam,
while cutting a magnetic field, will be deflected
in a direction normal to the field so that it im-
pinges on the target segments by unequal
amounts and the current in the leads connecting
the target sections will vary accordingly. It is
desirable that the currents from the target sec-
tions bear a linear relation with respect to the
intensity of the field deflecting the beam, and it
is for this reason that T desire to use a heam hav-
ing a square cross-section and triangular seg-
ments as shown. Furthermore, the maximum
deflection of the beam on any segment by a stray
magnetic field is limited to one half the distance
between the diagonal corners of the beam cross-
section to obtain linearity between the current
in the segment leads and the stray field produc-
ing the defiection. The deflection of the beam
may be limited to the desired maximum amount
by adjusting the potential applied to the elec-
tron gun second anode 7 so that the velocity of
the beam is such that the maximum deflection
field - gives maximum deflection of the proper
amount. These currents may be used to neu-~
tralize the magnetic field in a space closely ad-
jacent the bulb { which space is subjected to a
substantially identical stray magnetic field as
the space cccupied by the bulb {. Since the tube
shown in Fig. 1 controls the neutralization of
the magnetic field, I will hereafter refer to this
tube as the “control tube”. The length of the
control tube between the electron gun and the
target 3 may be relatively long, the desired length
varying directly with the strength of the mag-
‘netic field which is to be neutralized. ILike~
wise, the potentials applied between the electron
gun cathode and the target segments of the con-
trol tube are preferably low so as to provide a low
velocity electron beam which is more susceptible
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to the stray magnetic field but still sufficiently
high to prevent too great a deflection of the
beam for the maximum stray magnetic fieid.
In the absence of stray magnetic fields the beam
will not be deflected but impinge equally on the
target electrode segments.

Referring to Fig. 3 which shows the circuit
associated with the target electrcde segments
{0—It1 and 12—I13, I have illustrated the use of
my device for neutralizing stray magnetic fields
within the electren beam tube 20 which is of the
low velocity beam deflection type, the normal
beam deflection means such as magnetic coils or
electrostatic plates not being shown. The elec~
trodes of the tube 28 may comprise means for
forming an electron beam such as the electron
gun 2{ oppositely disposed from a target 22 of
any desired type. My invention doss not reside
in the particular structure of the tube 20, this
tube being shown merely to explain the operation
of my device in similar applications and being
referred to later as the ‘‘controlled tube.”
Therefore, the electron gun 2{ may be of any
known type, and likewise the target or screen 22
may be of any desired structure such as a mosaic
electrode, fluorescent screen or other electron
responsive structure.

Referring particularly to the circuit of Fig. 3,
the target segments {6 and {{ within the bulb i,
which are on opposite sides of the normally un-
deflected beam, are connected through the re-
sistors 23 and 24 to ground and to the positive
terminal of the potential scurce or battery 8.
The voltage drop across these two resistors is
applied through s variable tap on the resistors
to the electron discharge tubes 25—26 which may
be of the triode or any other desired type so that
the current to generate the neutralizing fields
may be readily controlled. The tube 20 or other
device for which a magnetic field-free space is
desired is previded with two sets of field neutral-
izing coils, each set comprising two co-axial pairs
of two serially connected coils, as shown in Fig. 4.
The coils of each pair are located on opposite
sides of the tube 28, the axes of the two sets of
coils being mutually perpendicular and so located
abouf the tube 20 that the magnetic fields pro-
duced by the coils are parallel to the horizontal
and vertical componenis of the stray magnetic
field. HEach series pair of coils is connected
through a current supply circuit to a target seg~
ment of the conirol tube. The output circuit of
the tube 25 is energized from the potential source
or battery 27, so connected that when the beam
impinges on the segment
through a pair of series connected field neutral-
izing coils 28—28’, and the output circuit of tube
28 is similarly connected to the pair of series
connected coils 28—29’ so that when the beam
from the cathode 4 impinges on the target seg-
ment i a current flows in the cocils 29—28' to
generate a magnetic field which is in an opposite
direction to the magnetic field generated by cur-
rent flowing in the coils 28—28’.
segments 12 and {3 are similarly connected to
energize the discharge tubes 38 and 31, the out-
put circuits of which are similarly connected
to the- series connected pairs of defiection coils
32—32" and 33—33’ so that when the beam is
incident on either  segment electrode {2 or i3
the coils 82—32" or the coils 33—33" will be en-
ergized with curreat flowing in opposite direc-
tions to generate magnetic fields which have
lines of ‘force extending in opposite directions.

The coils'are mounted about the space where:it-

{6 a current fows ¢
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is desired to neutralize the undesired stray mag-
netic field so that the fields generated by the
coils are parallel with the stray fields to be neu-
tralized. Since the sefs of coils are arranged
mutually perpendicular to each other and are
oriented with respect to the horizontal and ver-
tical components of the stray magnetic field, the
current in the cocils is made to flow in such a
direction that the fields neutralize the two com-
ponents of the stray field. The location of the
target segments shown in Fig. 2 is such that the
segments {8—I1 neutralize the horizontal mag-
netic field component and the plates 12—13, the
vertical field component of the earth’s magnetic
field.

In the operation of my magnetic field neutral-
izing device, the control tube shown in Fig. 1
is positioned in a fixed relation with respect to
the device tc be controlled. Furthermore, the
normal undeflected direction of the beams of
the control and the controlled tube should be
parallel and in the same direction so that the
stray magnetic field is effective in deflecting the
beams of both tubes in the same direction.

From the above it will be appreciated that my
device is particularly adapted to television cam-
era tubes which are usually positioned so that
they may be swung either in horizontal or vertical
directions and that for such applications the con-
trol tube should be mounted directly on or within
the camera box enclosing the controlled tube
which, in this case, would be the camera tube.

While I have disclosed my system with respect
to neutralizing two components of a stray mag-
netic field such as the earth’s field, it may be
desirable to provide a system to neutralize only
one component, and again to neutralize the one
component for only a limited set of positions for
the control and controlled tubes. If the con-
trolled tubke is to be operated in a plane where
one component of the stray field is ineffective
to deflect the beam and cause distortion, only one
set of the neutralizing coils such as the coils
28-—-28’ and the coils 289—29’ need be used. Con-
sequently, only the target segments {0 and {1
would be used. This system is suitable for neu-
tralizing the filed component in a single plane
such as the horizontal magnetic field component.
Such a field component may be defined as that
field component which is perpendicular to the
axis or undeflected beam path of the conirol
tube (or of the cathode ray tube) and may be
neutralized by a single set of coils which gen-
erate a field parallel to this component and hav-
ing equal strength but an opposite direction with
respect to this component. A single pair of field
neutralizing coils such as the coils 28—28’ and
the associated target segment 10 may be used for
neutralization of the stray magnetic field com-
ponent if the control and controlled tubes are to
be rotated only 180° in the zero plane of the other
field component. Thus the tubes may be con-
tinuously rotated from zero deflection, through
maximum and to zero deflection again or through
an arc of 180° using only one pair of coils and
one target segment.

‘While T have indicated the preferred embodi-
ments of my invention of which I am now aware
and have also indicated only one specific appli-
cation for which my invention may he employed,
it will be apparent that my invention is by no
means limited to the exact forms illustrated or
the use indicated, but that many variations may
be made in the particular structure used and the
purpose for which it is employed without depart-

3

ing from the scope of my invention as set forth
in the appended ¢laims.

I claim:

1, A system for minimizing the effect of stray
magnetic fields in a cathode ray tube compris-
ing a control-tube including an electron gun to
develop a beam of electrons and a target electrode
to receive electrons when said tube is immersed
in the stray magnetic field and said beam is de-
flected by said field, a cathode ray tube adjacent
said control tube and exposed to substantizlly
the same stray magnetic field, said cathode ray
tube having means to generate an electron beam
and a screen adapted to receive said beam, means
to maintain said control tube and said cathode
ray tube in fixed relative orientation during move-
ment of said tubes, a pair of serially connected
coils, each coil of said pair being located on op~
posite sides of said cathode ray tube and of a
portion of the path of the beam in said cathode
ray tube, said coils being positioned to produce
between them a magnetic field parallel to the
component of said stray magnetic field which is
perpendicular to the undeflected electron beam

path of said control tube, and circuit means he--

tween said target and said pair of coils for pass-
ing through said coils, while the beam of elec-
trons of said control tube is on said target, a di-
rect current of an amount and in a direction to
produce between said coils a magnetic field equal
in intensity and opposite in direction to the said
component of said stray magnetic field between
said coils.
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2. A system for minimizing the deflection of g .

cathode ray beam in a cathode ray tube produced
by stray magnetic fields comprising a control tube
subjected to a stray magnetic field and having an
electron gun to develop an electron beam and a
target including two segments on opposite gides
of the normal undeflected path of the beam, a
cathode ray tube including an electron gun to
generate a beam of electrons and a target to re-
ceive the electrons so positioned with respect to
said control tube that the stray magnetic field
deflects the beams of both tubes, a set of coaxial
field neutralizing coils comprising two pairs of
serially connected coils, the coils of each pair be-
ing on opposite sides of said cathode ray tube,
one pair of said coils being connected to one of
sald segments and the other pair to the other
segment, said set of neutralizing coils being so
located about said cathode ray tube that the mag-
netic fields between said coils are parallel to the
component of said stray magnetic field which is
perpendicular to the undeflected electron beam
path of said control tube, the magnetic field be-
tween said set of coils being equal in intensity
and opposite in direction to the said component
of said stray magnetic field when the beam of
said control tube impinges on one or the other of
said segments.

3. A system for compensating the deflection
of a cathode ray heam in a cathode ray tube sub-
jected to the earth’s magnetic field comprising a
control tube having an electron gun to develop
an electron beam and a four-segment target
wherein the segments are equally spaced about
and from the normal undeflected path of the
beam, a cathode ray tube including g target and
an electron gun to develop and project a beam of
electrons upon the target, said cathode ray tube
being so positioned with respect to said control
tube that the earth’s magnetic field deflects the
beams of both tubes, two sets of field neutralizing
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serially connected coils, the coils of ‘each pair
being on opposite sides of said cathode ray tube
and the axes of said two sets of coils being mu-~
tually perpendicular, said two sets of neutraliz-
ing coils being so located about said cathode ray
tube that the magnetic fields between said sets
of coils are parellel to the horizontal and vertical
components of the earth’s magnetic field, indi-
vidual circuit means between two opposite seg-
ments of said control tube target and the coaxial
pairs of one set of said coils for passing through
one or the other of said pairs of coils, while the
beam is on one or the other of said two segments,
a direct current of an amount and in a direction
to produce between said one set of ceoils a mag-
netic field equal in intensity and opposite in
direction to the horizontal component of the
earth’s magnetic field between said one set of
coils, and individual circuit means between the
other two segments of said target and the coaxial
pairs of the other set of said ecoils for passing
through one or the other of said last-mentioned
pairs of coils, while the beam is on one or the
other of sald other two segments, a direct cur-
rent of an amount and in a direction to produce
between said other set of coils a magnetic field
equal in intensity and opposite in direction to the
vertical component of the earth’s magnetic field
between said other set of coils.

4. A system as claimed in claim 3 wherein the
said control tube and the said cathode ray tube
are alighed with the undeflected beams of the
two tubes parallel and flowing from the electron
gun to the target of each tube in the same direc-
tion.

5. A system for neutralizing a portion of the
earth’s magnetic ficld comprising a control tube
having an electron gun to develop an electron
beam and a target including four equally spaced
segments uniformly disposed with respect to and
about the center of said target, to individually
receive electrons from the beam when said con-
trol tube is subjected to the horizontal and ver-
tical components of the earth’s magnetic field,
two sets of field neutralizing coils adjacent said
control tube, each set comprising two coaxial
pairs of serially connected ceils, the coils of each
pair being on opposite sides of the space where
a neutralizing field is desired, said two sets of
coils being so located about said space that the
maeagnetic fields between sald sets of coils are par-
allel to the horizontal and vertical components
of the earth’s magnetic field, one pair of coils
of one set being connected to one of said target
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segments, the other pair of coils of the same set
of coils to the diagonally opposite target segment,
the pairs of coils of the other set of coils being
connected respectively to the remaining two tar-
get segments for passing through said coils, while
the beam of said control tube is on the respec-
tive target segments, a direct current of an
amount and in a direction to produce between
the coils of said sets of coils magnetic fields equal
in intensity and opposite in direction to the hori-
zontal and vertical components of the earth’s
magnetic field between the pairs of coils and
over the space where a neutralizing field is de-
sired.

6. A system for neutralizing a portion of the
earth’s magnetic field comprising a control tube
having an electron gun including a2 square elec-
tron beam masking aperture to develop an elec~-
tron beam having a square cross-section normal
to the path of the beam, and a target including
four equally spaced triangular-shaped segments
uniformly disposed  with respect to and about
the center of said target, the said target being
so oriented with respect to said beam that lim-
ited movement of the beam on said target pro-
duces substantially linear variation in the cur-
rent collected by said segments from said beam
when the beam of said control tube is subjected
to the horizontal and vertical components of the
earth’s magnetic field, two sets of field neutral-
izing coils adjacent said control tube, each set
comprising two coaxial pairs of serially connected
coils, the coils of each pair being on opposite
sides of the space where a neutralizing field is

desired, said two sets of coils being so located -

about said space that the magnetic fields between
said sets of coils are parallel to the horizontal
and vertical components of the earth’s magnetic
field, one pair of coils of one set being connected
to one of said target segments, the other pair of
coils of the same set of coils to the diagonally
opposite target segment, the pairs of coils of the
other set of coils being connected respectively
to the remaining two target segments for pass-
ing through said coils, while the beam of said
control tube is on the respective target segments,
a direct current of an amount and in g direction
to produce between the coils of said sets of coils
magnetic fields equal in intensity and opposite
in direction to the horizontal and vertical com-
ponents of the earth’s magnetic field between the
pairs of coils and over the space where a neutral-
izing field is desired.
WILLARD H, HICKOK.
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