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MAGNETIC FIELD COMPENSATION APPARATUS 
This Invention relates to the cancellation of ambient 

magnetic fields incident on a s~an~ing electron. beam apparatus 

such as a television display, and in particular to a supplemental · 
5 · compensation coi1 for cancemng ·the effects of the geomagnetic 

field on Jarge color televisions receivers. The compensation coil 

has a particular configuration and is provided with adjustment 
' . ' 

means for setting the comp_ensating field level as required for a 
particular geographic location and orientation pf the television 

1 o display .. 
In a color television CRT_ display, the _display screen on a . 

. face. of the tube is provided with a matrix of grouped phosphor 
areas wherein three phosphors, stripes or the like. define each 
unit of the display. Each pf the stripes in a group emits iight in 

1 5 one of the three primary colors when :excited by an electron beam. 
An electron gun structure is disposed at one end of tube, and 

three ef actron beams are directed through a shadow mask onto 

the screen phosphors._ The shadow mask has a matrix of openings 
aligned . with the phosphor areas and with the el~ctron gun 

2 O structure ·such that when the three eiectron beams are directed at. 

a particular phosphor group defining a unit of the display, the 
etectrons from each beam impinge onlY. on that section of the 

,. grouped phosphors containing the phosphors for the color 
associated with that partjcutar beam. The shadow mask blocks 

· 2 5 the nearby phosphor areas {which correspond to other colors) 
from the electrons emitted by that particular beam. These nearby 
areas instead are aligned relative to the respective opening in the 

shadow mask to receive only electrons from their respective 
beams. 

3 o Electrons for exciting the screen phosphors are 
electrostat1cally- accelerated from the electron gun structure to 
the screen. The beams from all three guns are scanned to form a 
raster when_ passing over the gro·uped phosphors~ The scanning is 

. accomplished. by magnetic. fields varying· at the horizontal and 

3 5 vertical scanning 'rates, . 'produced by deflection' coils disposed on' ' 
the tube adjacent-- the electron gun structure. The electron gun 
-structure is at one end of a funnel shaped tube having a narrow 
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neck, and the deflection coils are disposed along the neck of the 
'tube. The deflection coils produce magnetic fields aligned 
vertically for horizon~al (X axis) deflection· and horizontally for 

vertical (V axis) deflection, relative to a· center line of the 
5 electron beams, which defines a Z axis. The moving electrons· 

comprise a current, and when subjected to the magnetic fields of 
the deflection coils, the electrons are accelerated In the X and/or 
V directions and follow a curving p~th. 

·Ideally. the deflection coils occupy a limited extension and 
1 0 have relative'y confined fields along the Z axis. therefore, the 

electrons are vertically and/or horizontally accelerated for 

deflection purposes in a limited area. After emerging . from the 
deflection field region,· the electrons pass in a substantially 
straight line from the deflection coils to the point at which the 

1 5 electrons impinge on the screen phosphors through the shadow 
mask. 

Insofar as after such deflection the electrons passing 
between the deflection coils and the screen are subjected to· 
ambient magnetic fields, they are likewise accelerated by such 

2 O fields and follow a curving path leading toward the screen. The 
extent and directi~n of curving depends on 'the flux density, 
source and-- orientation of the further magnetic fields~ The 

-deflection of the electron beams by the further magnetic fields, . . . .. 

and the curvature of the electron beam path thereby produced, can <• 

2 5 be sµch as to misalign the electron beams relative to the shadow 
mask. As a result, electrons from a given_ electron beam may 
impinge partly on the color phosphors adjacent t~eir intended 
color· phosphors rather than onfy on the intended color phosphors, 

producing a deterioration Of the pUTity Of displayed COiors . 
3 0 Some magnetic fields affecting electron ·beam deflection 

'are due to the unwanted magne'tization ·of magnetically permeable 

elements of the display apparatus. The shadow mask may be steel. 
A steel rim is normally provided around the periphery of the 
faceplate incfuding the· screen, -for protection against implosion 

3 5 of the picture tube in the event of breakage. An in~ernal magnetic 
·shield along the funnel shaped surface of the tube between the 

deflection coils and the screen face plate may also be provided, 
and is a mag neUcaUy permeable element. If these elements 
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become magnetized, color purity is ~ffected. Furthermore, 

magnetization of the internal. magnetic shield can affect its 

permeability and decrease its effeetiveness to isolate the 
electron beam. path from incident fields such as the earth's 

magnetic field. 
To overcome magnetization of permeable elements of the 

display, the prior art has conceived of field cancellation 
apparatus operable to apply to the tube a countervailing DC 
magnetic field~ The apparatµs may use a coil placed on the 
surface of the tube, having a loop or pair of loops disposed to 
encompass a portion of the tube. The coils, for example, can 

extend to a point near the protective steel rim, and extend 
rearw~rdly over the surface of the ·tube to encompass the 
magnetic ·shield within the tube. Specifically, a larger upper coil 

slopes forward over the top of the tube funnet, and a smaller 

lower con slopes forward along the bottom. A DC current is 

applied to the coils. to counter effects of the geomagnetic field. 

These coils are substantially as wide as the tube, and thereby 
encompass the protective rim and the Uke as wen as the contents 
of the tube generally. including the internal shield. Other forms of 

coils are also known, for example, wherein the coil simply 

e·ncircles the tube .. immediately behind the screen. 

· The earth's magnetic field is an ambient field having 
horizontal . and vertical oomponents tending to deflect the 

electron beams so as to adversely affect color purity and the 
shape of the raster. Oepenoing on the orientation of the CRT Z axis 
relative to the earth1s magnetic pol·es, the geomagnetic field . 

components may deflect the beams horizontally or vertically (due 
to vertical and horizontal. field components, respectively) and 

will produce a twist of the raster (i.e., rotation of the beams 

about the Z axis). 

The earth's field is not great in magnitude relative to the 
magnitude of the deflection coil field~; however, the earth's field 
accelerates and deflects the electron beams over a relatively 
long span as compared to the span of the deflection coUs. 

Accordingly, there is a need to reduce the effect of the 

geomagnetic field. 
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-An aspect of the pres~nt invention ca11cels the effect of the 
geomagnetic or other ambient magnetic field. However, a 
particular form· of coif is used. wherein correction. of purity and 
raster distortion are determined by a particular geometry of the 

5 coif and by a particular relationship of the windings. An 
adjustable _DC current supply may ~hen set the level of the 
compensation field, the level being set when installing or moving 
the CRT, for optimum compensation .. The invention is thus simple 
and· effective. 

1 0 It is another inventive aspect to compensate for deflection 
due to an ambient magnetic field in~ident on a scanning beam 
display using a compensating coil having a first c~il section 

encircling the tube neck for compensation of raster distortion and 
additional coil sections inclined forwardly aJong upper and lower· 

1 5 surfaces of the tube, operatively associated with permeable 
eleme.nts of the display including the internal magnetic shield, to 

. obtain color purity. 
It is a further inventive aspect to provide a compensation . 

coll for a CRT. comprising windings of a neck encircling coil and 

2 O upper and lower inclined compensating coils, wherein the coils 
are configured in shape and relative number of windings optimally 

. -
to cancel- the influence of the geomagnetic field in a simple 
manner whereby the coils are interactive with fhe ·i~ternal 
magnetic shield. 

2 5 . In an inventive arrangement, a first coil section has at 
least one winding· disposed to encircle the tube neck, generally 
perpendicular to the Z axis. l)pper and lower C(!if sections are 

. disposed above and below the first coil section, e~ch inclined 

forwardly· along· the Z axls and defining a toop encompassing an 
3 O area of the X and Y .axes and extending along ·the internal magnetic 

shield. The coiis are coupled in series. An adjustable direct 
current supply energizes the coils to compensate for the ambient 
fie\d. The upper and lower coil sections have a wider X axis 

dimension proceeding forwardly along the Z axis, being thereby 
3 5 . trapezoidal or keystone shaped. Lateral lengths of the upper and 

lower coils sections connect to the Z axis coil at lateral sides. 
such that th~ compensating coil is a continuous winding but the Z 
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axis coll has two passes for each pass of the upper and lower coil 

sections. 
FIGURE 1 is a perspective_ view of a CRT equipped with a 

compensating coil according to the· invention; 
5 FIGURE 2 is a rear elevation view of the. apparatus, 

including the compensating coili 
FIGURE 3 is a s.ide elevation view thereof; 

· FIGURE 4 is a perspective view corresponding to FIGURE 1, 

with. the ··glass tube and the internal magnetic shield shown 

1 O · partially cut away; . 
FIGURE 5 is an elevation view of an internal m~netic shield 

coQfiguration for use in the display according to the invention; 
FIGURES 6 and 7 are elevation views of alternative interna1 

magnetic shields: 

1 5 FIGURES 81 9 and 1 O are elevation views .illustrating coil 

configurations for the compensating coil according to the 

inventive arrangements; 
·FIGURE 11 is a partial exploded view illustrating the 

relative placement of the compensating coll and internal 

2 0 magnetic shield according to a Inventive embodiment; 
FIGURE 12 is a schematic diagram m~strating the 

compensating .. coil ·and an adjustable current supply therefor; ~nd, 

FIGURES 13 - 18 are graphic patterns illustrating · 

alternative inventive ·coil configurations according to the 
25 invention. 

As shown in FIGURES 1-3, a cathode ray tube 20 of a 

scanning ·electron beam apparatus, in particular a color television 
display I has a compensating coil 50 for reducing Qf etiminating 

unwanted deflection of the electron beams emitted from an 

3 O electron ·gun 38 at the tube end, direQted to phosphors disposed on 

a. screen 24. Unwartted deflection occurs due to ambient magnetic 

fields, in particular the geomagnetic field, which has vertical and 
horizontal components depending on the latitude and orientation 
of the color television display relative to the geomagnetic poles. 

3 5 Deflection of the electron beams due to incident magnetic 
fields occurs because the electron beams define· a current. which 
is subject to a forcf7 perpendicular to the direction of the current 
and perpendicular to the direction of the flux lines of the incident 
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magnetic field. The current is directed generally along the Z axis, 
defined as the line from the electron guns .to the screen center. 

. . 
and has components along the X (horizontal) and Y (verticat) axes. 
Insofar as there is an ~mbient vertical magnetic field incident o~ 

5 the electron beams over the length of the Z axis, a horizontal 
deflection of the electron beams occurs, adverseiy affecting 
color purity. The magnetic field component along the Z axis 
influences the beam position due to both vertical and horizontal 

·· components of the current, producing a twjst of the raster of 
1 O increasing magnitude toward the edges of the raster. The incident 

magnetic fiefd is therefore evident in the ~tor picture display as 
a deterioration in color purfty and a distorted raster which may 
be most severe at the raster edges. · 

Assuming that the television display is positioned 

1 5 ·horizontally (which of course is typical}, the vertical component 
of the geomagnetic field is fixed at a t~vel dependent on latitude, 
and otherwise is independent of the relative orientation of the 
apparatus to the (:larth1s poles. However, the horizontal component 
of the geomagnetic fieJd may be oriented at any angle in a 

2 o horizontal plane includf ng the tube center tine. or Z axis. 
Therefore, depending on orientation of the tube, the geomagnetic 

horizontal component will translate into a component along the Z 

axis and along the. X axis. 
. To neutralize the geomagnetic field· acccirding to the .. 

2 5 invention. a compensating coil 50 is mounted on the tube 20 and 
. connected pto a variable direct current source that is adjustable 
.when setting up the display apparatus at its desired location, and 
also thereafter if the display is moved fa a different orientation 

relative to the earth's poles (and relative to other fixed sources 
3 O of steady state_ magnetic _fields). 

A first coil section or Z axis coil 52 of compensating: coil 
50 has at least one winding disposed to encircle the tube neck 32. 
perpendicutar to the Z ·axis, tendi.ng to cancel that portion of the . 
incident field which tends to ·cause raster twist. Upper and lower 

3 5 coil sections 62, 64 are disposed above and below the first coil 
. . 

section 52, each inctin~d forwardly toward the screen 24 along 
the Z axis and each defining a loop having vertical lengths 66 and 
horizontal fength 58, encompassing an area in the X and Y 
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directions. Compensati_ng coil 50 preferably is mounted on the 
external surface of the tube. The coils 62, 64 extend along ·an area 

of the tube ~corresponding. to the i".lternal magnetic shield of the 
CRT (shown in FIGURE 4}. Coil sections 52,· 62, -64 are wired in 

5 series in a particular configuration· discussed in detail · 
hereinafter, and the adjustable direct currant. supply (not shown 
in FIGURE t) energizes the coils to compensate for the ambient 
field. Lateral lengths of the upper -and lower coil sections connect 
to the Z axis coil at fateraf sides, such that the compensating coil 

1 O 50 is a co~tinuous winding, but the· Z. axis coil 52 has two passes 

for each pass of the upper and lower coil sections 62, 64. The 
upper and lower coil sections 62, 64 produc~ a field which tends 
to neutralize the ambient field which produces purity errors. The 
upper and lower coil sections 62, 64 have a wider X axis 

. 1 5 dimension proceeding forwardly along_ the Z axis, being keystone 
shaped to substantially· correspond to the internal magnetic 
shietd. , 

FIGURE 4 illustrates the apparatus in cut-away perspective 

view. A scanning electron beam display apparatus, particularly a 

2 O . color television CRT, has an electron gun structure 38 disposed at 
the end· of a neck 32 of a tube 20. The electron gun structure 

emits three electron beams, which are electrostatically 
accelerated toward the screen 24, due to_ a la_rge potential 
difference between the electron gun and shadow mask 72. the 

2 5 screen 24 defines the X axis and Y. axis, perpendicular to the Z 
axis. The screen 24 of a color television has discrete coJored 

phosphor areas in grouped sets correspo~ding to the three 
electron beams. The phosphor areas are positioned relative to the 
apertures in shadow mask 72 such. that each of the three electron 

3 o beams illuminates one of the colored phosphors and the shadow 
mask blocks the other colors. Deflection coils · 36 are disposed 
along the tube 20 for scanning the electron beams in the X and Y 
directions, producing a . scanned raster. 

The magnetic field compensa:ting coil 50 reduces 

3 5 undesirabre deflection of the electron beams due to the ambient 
magnetic field. The first coil section 52 has at least one winding 
disposed generalfy perpendicular. to the Z axis, thereby supplying 
a compensating magnetic field with a Z axis component. The upper 
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coil section 62 and the lower coil section 64 are disposed 
. . . 

respectiveJy along the upper and lower areas '?f the funnelshaped 
body 22 of tube 20 adjacent t~e first coil . section 52. 
Accordingly, each of the upper and lower coil sections are 

5 inclined forwardly along the Z axis. An internal magne.tic shield 
80, typically of magnetically permeable material (e.g., steel), is· 
mounted within the glass. envelope of the tube. The internal 
magnetic shield encompasses the Internal volume of the tube 
within the funnel-shaped body 22, from a point slightly forward 

1 o of the deflection coils 36 to a point just to the rear of shadow 
mask 72, where the glass panel of .tube 22 is attached to the 
funnel portion along a fritted junction. An opening 82 at the rear 
of the internal shield is provided for ·passage of the electron 
beams. 

1 5 The loop defined by the upper and lower coil sections 62, 64 
encompass an area in the X and Y directions, and due to the slope 

. of the coils extends along the Z axis, thereby being substantially 
aligned with the surfaces of the internal magnetic shield. The 

. upper and lower ooiJ sections supply compensating magnetic 
2 o fields with Y and z components, throughout much of the area 

between the deflection coils 36 and . the screen 24. An adjustable 
DC current supply means, such as shown in Fig. 12, energizes the 
first coil section, upper coil section and lower coil section at a 
level compensating for the ambient magnetic field ... 

2 5 ·According to an inventive embodiment, the upper and lower 
coil sections 62, 64 are · substantialfy keystone shaped, having a 

· wider X axis dimension proceeding forwardly along the Z axis. Due 
to curvature of the tunnet-shaped .~body 22 of the tube 20, the 

upper and lower coil section wrap around the tube slightly. 
3 o However, this wra.Qping is symmetrical around the Z axis. 

The internal magnetic shield is subject to a number of 
alternatives. as shown in FIGURES -5-7, which are rear elevation 
views of exemplary embodiments. In each case the shield has a 

· central opening 82, which is wide enough in vertical and · 
3 5 horizontal dimension to remain clear of the electron beams 

directed therethrough to the screen. The · internal magnetic shield 
provides a conductive. and magnetically permeable element 
enclosing ·the area through which the electron beams pass toward 
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the screen. Currents are induced tn the shield by incident · 

alternating ~lectromagnetic fiel~s.. for substant~ally shielding 
the Internal portion of the tube from the influence of these fields. 
In addition, the internal magnetic shield defines a high_ 
permeability element in which the flux lines of incident magnetic 

fields are substantially confined. However, the internal shield 
becomes magnetized by ambient fi~lds, and when this occurs .the 

shield itself produces a magnetic field· that may deflect the 
electron beams along the passag.e from th~ area of the deflection 
coils 36 to the screen. 

In the embodiments of FIGURES.5-7, the shield has 

additional apertu·res 84, along suriaces aligned parallel to the 
. . . 

funnel-shaped body 22 of the tube. As shown in FlGURES 6 and 7, 
these apertures 84 are advantageously aligned with the 
substantially vertical lengths 66 of the upper and lower coil 

sections 62, 64. In this manner, both the internal magnetic shield 

and the area within the shield are subject to the influence of the 
compensating. coil 50. ln connection with the keystone shaped . -

configuration of the upp_er and lower sections 62, 64 of 

compensating coil 50, the embodiment of F.IGURE 7 has been 

determined to most effectively can·cel the influence of ambient 

magnetic fields. In this embodiment, the opening 82 for passage 

of the electron beams is substantially rectangular. The additional 

. apertures 84, which align with the "substantially vertical lengths 

66 of the upper and lower coil .sections 62, 64, are somewhat 
wider ··adjacent the screen and somewhat narrower adjacent the 
rear. 

It is possible, according to the· invention, to use a separate 

. first coil section or Z axis coil, and upper and lower coils, as 

3 O well as separately adjustable current supplies· therefor. For 

example, the upper and tower coils· can be adjusted appropriately 

for latitude and the Z axis coif for: orientation. Examples of coil 
winding configurations are ·shown in FIGURES 8-1 o and coil 
shapes in FIGURES 13-18. 

3 5 As shown· in FIGURE 8, the first coil 52 (the Z axis coil) and 

upper and lower coil sections 62, 64 are connected in series. e.g., 
obtained ·from a particular configuration· ~f a continuous length of 

· conductor. In this way, the compensation coil. can . be energized as 
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a unit, ~ith a single c~rrent source. ·The upper and lower coil 
sections according to this configuration are formed by upper and 

_ lower keystone shaped or trapezoidal divergences of the · 

conductor from the neck encircling· Z axis coil. To account for the 

5 ·. fact that the· Z axis component of the geomagnetic field ls 
typically larger than the vertical component, the first coil 
section 52 can include. a greater number of windings than the 
upper and lower . coil sections 62.64. 

In F1GURE 9, the~ axjs con 52 is separate and can be 
1 0 coupled to one current supply while the upper and low~r coil 

sections 62, 64 are coupled tq a separate current supply. The 
conductors connecting the upper section 62 and the lower section 
64 are disposed along the Z axis coil and accordingly contribute 

to the Z axis f.iefd. 
15 

20 

30 

35 

In· FIGURE 10, the Z axis coil has two lateral windings for 
each winding of the upper and lower sections. At the lateral sides 
of the Z axis coil, the conductors connecting the upper and lower 
sections are routed around the Z axis coil. Accordingly, the Z axis 
or first coit section 52 has relatively fewer windings along the 
substantially horizontar portions -thereof adjacent the upper and 
lower coils, and a greater number of windings proceedjng 
vertically on lateral sides of the first coil section. In other 
words, the upper and lower .secti~ns are divergences from the 
neck-encircling Z axis coil. 

The compensating coil can have a plurality of . coextensive 
· conductors or can be a single conductor. The compensating coll 

preferably has approximately twice the number of windings in the 
Z axis coil as in the upper and lower coils sections. More 

particularly. the first coil section 52 and the uppe~ and lower 
coil sections --~2. 64 are formed of a continuous coil length 
proceeding from one of the upper and lower sections 62 or 64, 
completely around the first section 52 to the other of the upper 
and rower. sections 64 or 62, laterany ilong the first coil section 

52, then to said one 62 or 64 of the upper and lower sections. 
This winding arrangement is such that the first coil 52 has two 
passes of the continua.us coil length for each pass of the upper 
and lower sections. 
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FIGURE 11 IHustrates the integrated nature of the 

compensating coil and internal ma.gnetie ~hield arrangement 
according to an inventive embodiment. The compensating coil 50 
-is wound such that the Z-axis coil· 52 connects_ laterally with the 

5 upper and lower sections 62 and 64., Each of the three coils 52, 
6·2. 64 is wound in the same sense, e.g., current carried cloekwise 

. in the Z ax·is coil is also carried clockwise around both of the 

upper and lower coil sections. 
A. means for supplying a direct current to compensation coif 

1 O 50 is shown in FIGURE 1.2. The current level in the compensating 

coil 50 must be set at a level .compensating for the ambient 
magnetic field; however, the polarity of the incident field in the Z 
axis direction depends on whether the tube is more nearly facing 
the geomagnetic north o·r sout~. A bipolar current supply is 

1 5 therefore used to accommodate both possibilities. Adjustment 

means such as potentiometer 126 sets the level of current 
. applied to th~ compensating coil to a DC level between positive 

and negative limits defined by positive and negative DC power 

supplies 122, 124. The coil 50 is connected bet\Neen the wiper 
20 128 of the potentiometer and ground. Other forms of current 

supplies are also readi~y possible . 
. The results of operating alternative coil configurations 

according to the invention were compared experimentally using an 

A79-1100 VHP picture tube manufactured by VIQEOCOLOR (having 

25 a 79 centimeter diagonal measurement), in an effort to determine 
· the optimum relative dimensions of the coil sections and the -

picture tube as well as the internal' magnetic shield. The Z·axis 

coil .. 52 was positioned immediately 'over the rear edge of the 

internal magnetic shielq, the shield extending forwardly to the 
3 O frltted junction.. between the funnel and faceplate sections of the 

tube. Optimum results were found in embodiments wherein the 
upper and lowe·r cotl sections 62 and 64 extend forwardly to a 
point spaced rearwardly of the fritted junction (i.e., the front of 
the JnternaJ shield). In one advantageous embodrment, the extreme 

3 5 top and bottom horizontal lengths of the upper and- tower sections 
are spaced 25 to 50 mm to the rear of the fritted junction. 

The relative dim~nsions of the· coil sections was also 
examiped for an A79-1100 VHP tube. · The results of the 

• 
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. . 

comparison are shown in TABLE A. A ·z-axis coil together with 

upper and lower $eC:tions ac~ording: to the invention were found to 

improve registratipn and to cou~ter raster twist as induced by 

the geomagnetic field over a range of shapes, including the 

embodiment of FIGURE 13, wherein the upper and lower sections 

were arranged in a rectilinear co.nfiguration of· width 

substantially equal· to the diameter of the Z-axis coil. In this 

embodiment, the Z-axis coil section is completely separate_· from 

the upper and lower coll sections. Improved results were obtained 

by 'ffaring the upper and lower sections into keystone shapes, as 

shown in FIGU_RES 14-18. In the embodiments of Figs. 14 and 15, 

the Z-axis coil section does not completely encircle the neck of 

the tube. The widely flaring keystone or FIGURE 14 {max. width 

510 mm; min. width 50 mm) was "found less effective than 
narrower configurations, for example as in FIGURES 15-17, 

wherein the max. width was 220 mm. In the embodiment of 
' 

FIGURES 14-16, the minimum widtfr was 50 mm, which proved 

less effective than somewhat wider versions. The optimum 

embodiment of FIGURE 18, when used in conjunction with the 

above tube, has a maximum width of 230 mm, a minimum width of 

110 mm, which placed the extreme upper and lower horizontal 

lengths slightly behind the fritted junction. This embodiment was 

found effective to canceJ the geomagnetic field distortions of 
. . 

misregistration and raster twist by . .about 95% and 50°/o, 
respectively. 
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TA9LEA 

Registration Raster Rotatlo~ 
Correction (%} Correction (%) 

5 

@Raster position: Corners 1216 Corners 1216 o'Clock 

FIG. 13 
10 Z Axis + Rectangular -6 2 -91 ·78 • 4 0 

1570>c690mm winding 
lengths and .two separate 
windings 

15 FIG~ 14 
Wide Keystone 
510mm max.; 50mm -3 7 -82 - 1 0 -100 

. min. 2860mm winding length .... 
(~~:~ 
·._:_.,.. 20 FIG. 15 

Narrow Keystone . 
· 220mm max.; SOmm -88 -63 -39 -50 

min. 1950mm winding length 

25 FIG. 16 
Narrow Keystone 
220mm max; SOmm -75 ·82 -1 00 +30 
min. 2530mm winding length 

30 FIG. 17 
Natr0w Keystone 
220mm max; 11 omm :-37 -63 -70 ·30 
min. 2530 mm winding J.engtf) 

35 FIG.18 
Short Narrow Keystone 

;>"~;. 230mm max: 11 Omm . -1 00 ·91 -65 • 5 0 
r .. ~: :=· min. 2380mm winding length 

40 
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WHAT IS CLAIMED IS: 
1. A scanning electron ~earn . display. apparatus having an 

electron gun structure emitting a plurality of electron beams 
disposed in a neck of a. cathode ray" tube and emitting said . 
electron beams along a Z axis toward a screen defining an X axis 
and a· Y axis perpendicular to che longitudinal ,Z ·axis of the tube. 
the screen ha\Ting discrete phosphor· areas· in grouped sets 
corresponding to the electron beams, with deflection coils 

: di$posed along· the tube for scanning the electron beams in .said X 

and Y axes, . and a shadow mask between the electron guns and the 
screen, having apertures aligned and positioned relative to the 
grouped sets such that the electron beams individually are 
inciden~ ~n the discrete phosphor areas ·of e~ch . of said gr'?uped 
·sets, ·the apparatus being subject to. an· ambient .magnetic field and 
furtfier including a DC .magnetic field compensation coil adapted to 
receive a DC current for reducing deflection of the electron beams 

due to the ambient magnetic field, characterized by a first coil 
section (52) of said compensation coil (50) ha.ving at least one 
winding disposed perpendicular to said Z axis, for supplying a 
compensating magneti~ t~eld with a Z axis component,. an upper 
coil section (62) and a lower coil sectio~ (64) disposed above and 
below the first coil section (52), respectively, each of said upper 
(62) and lower (64) coil sections being· inclined forwardly along 
the Z axis . and havin.g -a loop ( 66,68) encompassing an area in the X 
and Y directions, ·the upper (62) ;u;(i lower (64) coil sections 

· ienerating compensating magnetic. fields. 

2. The apparatus according to Claim l, characterized in that 
the cathode ray tube has a substantially funnel shaped portion 
and further comprises a substantially funnel shaped magnetical!y 
permeable shield disposed forward of ·the deflection coils. along 
the Z axis9 characterized in that . the first coil section (52) 
substantially encircles . the cathode ray tube between the 
deflection coils (3.6) and the · shield (80), · the upper ( 62) and lower 

(64) coil sections being dispo~ed generally parallel to upper and 
· lower surfaces of the shield. (80). 
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3. A television display apparatus,: _comprisil;\g: a cathode. ray 
tube including an eleccron gun s~cture disposed in a neck 
portion, emitting three electron beams along a Z axis, a screen 
defining an X axis and a· Y axis perj:>endicular to the Z axis, the 

. sc~een having discrete phosphor. areas. in. grouped sets of color 

phosphors corresponding to the three electron beams, . and _ 
deflection coils dis-posed along ·the neck of the tube operable to 

deflect the electron be.ams ·for scanning said X and Y axes, and a 
shadow mask within the tube adjacent the reai of the screen, 
having apertu:res aligned and positioned relative to the grouped 
sets such that the ~lectron. beams indivJdually are incident on the 
discrete phosphor areas of each of said grouped sets of ~o1or 
phosphorst and a -s~ield including mag·~etically permeable .. 

. material dispo~ed along . a wall of the tube and extending from . a 
point forward of the ~et1ection coils to a point adjacent the 
shadow mask; 

a DC magnetic field compensation c~il adapted for receiving 
a. DC current, for reducing d.eflecti.on of. the electron beams due to 
ambient magnetic fields, characterized by a first coil section (52) 
of said compensation c9il having at least Qne winding disposed 
gene.rally perpendicular to said Z axis at a point between the 
deflection coi~s and .the shield (80), for supplying a compensating 
magnetic field having a Z axis component, an upper coil section 
(62) and a lO\~er Coil .section (64) d~posed abo~e and below the 
first coil section (52)t respectively, each. of said upper (62) and · 
lower (64) coil sections_ being disposed along· a funnel shaped 
portion of the· tribe (20) ··and inclined forwardly ··along the Z axis, 
the upper (62) and~ lower (64) coil sections. each having a loop · 
encompassing an area extending in the X and Y directions~ said 
thr~ sections supplying compensating magnetic fields over a 
substantial length of the Z axis . 

.. ~-

·4, The apparatus according to Claim 3. char~cterized by 

means (122,124,126,128) for supplying a direct current to the 
.-

compensation coil (50). 
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5. The apparatus according to CJaim 3 oi 4, characterized in 
that the shield (80) has apertures (84) aligned with vertical 

lengths (66) of the upper· (62) and lower {64) coil sections. 

6. The apparatus accordii;ig to Claim 1 or 3. characterized in 
that the first coil section (52) and the upper (62) and lower (64) 
coil sections are coupled in series . 

7. The· apparatus ac·cording to Claim l or 3, characteri!ea in 
that the _first coil section (S2) includes~ a greater nu~ber of 
windings than the upper (62). and lower (64) coil sections. 

· 8. The apparatus· according to .C.l&im 7, characterized in .tha£ 
the first coil. s.ectlon (52) ·and the upper (62) and lower (64) coil 
sections are coupled in series~ the· upp~r (62) and .lower (64) coil 
sections having lateral lengths (66) con~eeting to the first coil · 
section {52) at lateral sides thereof~ whereby the first coil section 
(52) has fewer . windings proceeding laterally adjacent sai~ upper 
(62) and lower (64) coil sections, and a greater number of 
windings proceediµg vertically·. on lateral sides of the first coil 
section (52). 

. . 
9 .. The . apparatus according to Claim 8, characterized in that 

the· first coil section (52) and the upper: (62) a.'ld lower (64) coil 
sections are formed of a continuous· ~o~l length proceeding from 
one of the upper (62) an_d lower (64) sections. _completely .around 
the first section: {52) to the other. of the upper (62) and lower (64) 
sections, laterally along the first coil section (52) to 8.aid one of the . . 
upper (62) · ~nd lower (64) ~ections, whereby said first co~l section 
(52) has two passes of the continuous coil length and each of the 
upper (62) and lower (64) se~tions has ·one ps.ss of tb.e~.continuous 
coil length. 

10. The apparatus according to Claim 2 or 9, chara.cterizetj in 
that the upper (62) and lower (64) coil sections are su~stamially 

keystone shaped~· having a wider · X axis dimension proceeding 
t'orwardly along the Z axis. 
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11. A compensating coil for compensating a magnetic field 

incident_ on a cathode ray tube having electron beam emitting and 
deflection means defining a center ·axis. z. and X and Y deflection 
axes perpendicular thereto, characterized by: 

a first coil section (52) hav~ng at least one winding disposed 
generally perpendicular to said beam center axis z. for supplying a 
compensating magnetic field with a Z axis component; 

an upper coil section (62) and a lower .coil section (64) 
disposed above and below the first coil section {52), respectively, 
each of said upper (62) and lower (64) coil sections being inclined 
forwardly along t~e center ax.is Z and having a loop encompassing 
an area extending in the X and Y directions, the. upper (62) and 

.· lower (64): coil sections supplying .. compensating rpagnetic fields . 
· with Y and .·z components· o~er ·a. substantial length ~f the Z axis. 

· 12. The z~ppt1ratus according to Claim 11, characterized m 

that the compensating coil (50) is provided by a conductive length 
proceeding ·in a continuous loop around. the first coil section (52) 
with the upper (62) and lower (64) coil sections formed by 

divergences of _the cpnductive length at upper and lower portions 
of the first coil section (52) . . 

13. The apparatus according to Claim 12 •. characterized in 

that the tube ~s. ·flared from the ~~ectron gun stru~ture forwardly 
and includes a, magnetically· permeable shield substantially 
parallel ··..vith a flared sutface of the tube ~om .a point forward of 
:he defl.e"ction means, characterized in that the. upper (62) nnd 
lower {64} coil ·sections are "keystone-shaped divergences of the 
conductive length. inclined. along an outer surface of the tube (20) 
adjacent a corresponding area of the shield (80). 

•·. 
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