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g 
This invention relates to magnetic deflecting 

yokes and more particularly to deflecting yokes 
which provide a very precise deflection of the 
electron beam in a cathode ray tube. 

In television and radar it has become the CUS 
tom to deflect the electron beam in a cathode ray 
tube by means of a magnetic field produced by a 
winding of a yoke. Ordinarily two windings 
are provided in each yoke, such as might be used 
for vertical and horizontal deflection. 
In television receiver practice each of the 

Windings is usually made up of two coils which 
are shaped to conform to the curvature of a Sup 
porting structure which is normally in the form 
of a ring. The supporting structure has an open 
ing through which a portion of a cathode ray 
tube may be passed. One of the two coils of the 
winding is placed about the supporting structure 
On one side of the opening and the other coil is 
placed about the supporting structure on the op 
posite side of the opening. The two coils of the 
other winding are similarly placed relative to one 
another but in positions which are respectively 
90° from the coils of the first. 

Each coil consists of two principal portions, 
namely, (1) the active conductors, which are po 
sitioned parallel to the longitudinal axis of the 
cathode ray tube and which are the most effec 
tive in setting up the main fux in the path of 
the electron beam in the cathode ray tube, and 
(2) the end turns, which connect together the 
active conductors and which are ordinarily 
formed arcuately about the neck of the cathode 
ray tube. Although the end turns do not pro 
duce a Strong field in the path of the electron 
beam in the cathode ray tube, nevertheless, in 
precision deflection the end turns must be placed 
Suitably to prevent the end turn field from caus 
ing a distortion in the main field of the deflect 
ing yoke. To provide an electron beam with 
linear magnetic deflection and without disturb 
ing the beam focus a field must be produced which 
has uniform flux density. 

It has become normal practice first to wind 
each coil as a hank with no restraint on the lo 
cation of each turn within the hank, then to 
bend the hank as necessary to conform to the 
curvature of the neck of the tube or supporting 
Structure, and finally to separate the parallel por 
tions of the hanks by means of small Bakelite 
Spacers; however, this construction permits con 
siderable variation in the location of the various 
Wires in each coil and in the shape of the coils. 
There is, therefore, some variation in the per 
formance of this type of yoke. This variation in 
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performance is not great and is readily accepted 
in entertainment television, but in Some indus 
trial and military applications it is intolerable. 
Where yoke deflection accuracy of 1 percent or 
better is required, it is essential that the varia 
tions in the yokes be held to very low values. 
For certain applications nearly constant flux 

density in the air gap of the yoke is desirable to 
obtain precision deflection. There are many 
uses Of Cathode ray devices such as in certain in 
dustrial and military equipments where a rel 
atively high order of precision is desired in the 
deflection of an electron beam. A 'graphechon' 
is One example of such a cathode ray device. A 
"graphechon” is the particular type of storage 
tube disclosed in an article by L. Pensak titled 
“The Graphechon-APicture Storage Tube' pub 
lished in the RCA Review in Vol. X, March 1949 
at page 59. A representative form of a graphe 
chon consists essentially of two independent 
cathode ray guns and a target plate coated with 
a thin film of insulating material. The two guns 
can Operate simultaneously, the one to record or 
“Write' down the signals to be stored and the 
other to reproduce or “read' the written signals. 
The 'reading' gun must scan precisely the same 
line which has been previously scanned by the 
“writing' gun. Without precise deflection or 
geometrical correspondence of the two cathode 
ray beans the "reading' gun can not accurately 
derive the desired signals. 

Precise deflection of a cathode ray beam may 
be obtained in one direction by distributing the 
WindingS Of a defecting yoke in proportion to 
the cosine of the increasing central angle in the 
transverse plane of the neck of a cathode ray 
tube measured from a point on the neck of the 
Cathode ray tube which embraces the thickest 
portion of the Winding. CoSinusoidal distribu 
tion of the winding in a cathode ray deflecting 
yoke is described in U. S. Patent No. 2,395,736, 
"Deflecting Coils and Yoke and Method of Manu 
facturing Sane,' granted to G. L. Grundmann. 
A Winding With coSinusoidal distribution is capa 
ble of producing fux, and hence deflection in 
Only one direction, and therefore, to provide hori 
ZOntal and vertical deflection it is necessary to 
add another winding. The second winding 
might simply be added to the deflecting yoke by 
placing it outside the first, but the interface be 
tween the two windings carrying different cur 
rent causes a circumferential component of fiux 
that is undesirable in precision deflection of elec 
tron beams since it produces irregularities in the 
main field in the air gap of the yoke. 
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One object of this invention is to provide an 
improved deflecting yoke for accurately deflect 
ing an electron beam in cathode ray tubes and 
like devices in more than one direction. 
Another object of this invention is to pl’ovide 

an improved deflecting yoke capable of produc 
ing a plurality of magnetic fields for deflecting an 
electron beam in more than one direction. 

Still another object of this invention is to re 
duce the circumferential component of flux 
which is inherent in the juxtaposition of two 
Windings carrying different currents. 
A further object of this invention is to re 

duce the defocusing of an electron beam in a 
cathode ray tube. 
A further aim of this invention is to reduce 

field irregularities produced by a cathode ray 
deflecting yoke. 
In accordance with this invention, the magnetic 

deflecting yoke is composed of a plurality of in 
terleaved Windings each of which has a prede 
termined distribution of active conductors. For 
example, this distribution may be cosinusoidal. 
The invention will, however, be better under 

stood from the following description when con 
Sidered in connection with the accompanying 
drawings, and its scope will be pointed out in the 
appended claims. 

Referring to the drawings: 
Fig. 1 is a cross sectional view of two cosinu 

Soidally distributed windings according to the 
prior art; 

Fig. 2 is a quadrantal cross sectional view of 
two cosinusoidally distributed windings wherein 
One Winding is interleaved with the other in ac 
cordance with this invention; 

Fig. 3 is a CrOSS Sectional view of two substan 
tially cosinusoidally distributed windings inter 
leaved within slots of a Supporting structure; 

Fig. 4 is a fragmentary view of Fig. 3 drawn 
to an enlarged Scale; 

Fig. 5 is a perspective view of a deflecting yoke 
in accordance With this invention; 

Fig. 6 is an end view of the yoke showing two 
coils disposed in two diametrically opposite slots 
in the Supporting structure in accordance with 
this invention; 

Fig. 7 shows a rectangular coil having a single 
turn layer composed of a number of convolutions 
of the Vertical winding interleaved with a number 
of convolutions of the horizontal winding; 

Fig. 8 illustrates a rectangular coil similar to 
that of Fig. 7 with opposite sides folded to form 
a double layer of active conductors; and 

Fig. 9 is a croSS Sectional view of One of the 
slots in the Supporting structure illustrated in 
Fig. 5 showing the position of the active conduc 
tors of the horizontal and vertical windings with 
in One slot. 

Referring to Fig. 1 there is illustrated a view 
of two magnetic deflecting windings each having 
a COSinusoidal distribution about the neck of a 
cathode ray tube showing only the parts lying in 
the CrOSS Sectional plane perpendicular to the 
longitudinal axis of the cathode ray tube. It is 
known that a single winding having a cosinu 
soidal distribution will produce a fairly uniform 
flux density within the circular area defined by 
the winding. The above cited U. S. patent 
granted to Grundmann teaches the use of two co 
Sinusoidally distributed windings producing two 
magnetic fields mutually perpendicular to one 
another by placing one winding outside of the 
other as shown in Fig. 1. Such an arrangement 
of the Windings produces fairly uniform flux 
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density within the air gap of the yoke. However, 
the single interface between the two windings 
causes a circumferential component of flux due 
to the different currents in the respective Wind 
ings. This circumferential component of flux 
causes a distortion in the magnetic field and, COn 
sequently, causes non-linear deflection and de 
focusing of the electron beam. This flux is in 
herent in the juxta-position of the two Windings 
and although it exists in present yokes it is not 
considered objectionable in the yokes used in 
entertainment television. Where precision is 
necessary, the effect of the adjacent windings in 
producing the unwanted circumferential flux may 
be nearly eliminated in accordance with this in 
vention by interleaving one winding with the 
other as shown in Fig. 2. There are then two 
interfaces 3 and 5 which give two substantially 
equal circumferential fluxes which flow in op 
pOSite directions and are close enough to One 
another to effect nearly complete mutual can 
cellation. The effect of the interface is thereby 
sensibly eliminated. 
The form of the yoke shown in fragmentary 

view in Fig. 2 may be slightly modified without 
departing from the principles of this invention. 
In order to rigidly hold the active conductors of 
a winding having a predetermined distribution in 
a given place the active conductors may be dis 
posed in the slots of a Supporting form by di 
viding each winding into a number of discrete 
coils and Setting the active conductors of each 
coil in slots as shown in the cross Sectional view 
in Fig. 3 or in U. S. Patent 2,155,514 'Deflecting 
Coil for Cathode Ray Tube' granted to Tolson 
and Maloff. A croSS Sectional view of the active 
conductors in one of the slots of the Supporting 
Structure showing the two interfaces 7 and 9 
appears Somewhat as shown in Fig. 4. The break 
ing up of the Windings into a linumber of Separate 
coils must be done With discretion in Order to re 
tain the advantages of the cosine distribution of 
the windings. Experience has shown that 6 
slots in the Supporting structure are Satisfactory 
for a Winding Whose internal diameter is about 
five times the dimensions of the air gap Space 
swept by the electron beam within the tube. The 
proportion of turns in the slots in one quadrant 
of the yoke illustrated in Fig. 3 is shown in the 
following table: 

Table 

Eorizontal Wertical 
Slot, Winding Winding 

O 100 
38 92 
7. 71 
92 38 
00 0 

The slots in each of the other three quadrants 
of the yoke have a similar proportion of turns. 
Another form of a yoke embodying the prin 

ciples of this invention is shown in Fig. 5. The 
interleaving Within the Slot takes place about a 
slightly different axis from that shown in Figs. 
2, 3 and 4. In Fig. 6 there is shown an end view 
of tWO of the coils 2 and 23 illustrated in Fig. 
5 disposed in two diametrically opposite slots in 
the Supporting structure 25 in accordance with 
this invention. 
In order to provide Cosinusoidally distributed 

horizOntal and vertical deflecting windings which 
are interleaved one With the other, individual 
coils are formed in a single turn layer as illus 
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trated in Fig. 7. In winding the coils, leads are 
brought out so that the first few turns H of each 
coil could be part of One Winding, for example, 
the horizontal Winding, the next few turns W 
could be part of the other winding, for example, 
the vertical winding and the last few turns H, 
equal in number to the first few could be part 
of the first winding. The end turns of this coil 
are bent into a semi-circle to conform to the 
curvature of the cathode ray tube or the support 
ing structure. The active conductors of the 
winding are folded longitudinally of the conduc 
tors to form double layers of conductors as shown 
in Fig. 8. - 

It will be observed that, after folding one of 
the active conductor sides of the coil, the group 
of turns shown by heavy lines in FigS. 7 and 8, 
for example, those associated with the vertical 
winding, which were previously interleaved with 
the other turns are now on one edge of the coil. 
When two such coils are placed together Within 
one slot with the end turns encircling the tube 
in opposite directions, the combination of active 
conductors within the slot forms an interleaved 
group as shown in Fig. 9. The active conductors 
V of one winding are placed in diagonal Corners 
of the cross sectional area of the slot and the 
active conductors H of the other Winding are 
interposed therebetween providing two interfaces 
27 and 29. 
other contain the same number of active con 
ductors associated with the vertical Winding, and 
also, each of the two slots has the same number 
of active conductors associated with the hori 
Zontal winding. Therefore, the end turns con 
necting the active conductors in diametrically 
opposite slots cover an arc of 180°. However, in 
order to maintain symmetry, the end turns of 
each of the two coils, cover an arc of 180 but in 
opposite directions as shown in Fig. 6. The coils 
for the other slots are formed in the Sane man 
ner, merely varying the number of turns in each 
group in each coil in conformity with the table. 
When all the coils are properly formed, they are 
assembled as shown in Fig. 5. 

In order to keep the accumulated end turns of 
all the coils from building up into too thick a 
pile, it is desirable to make the end turns of each 
coil in a thinner, wider, more ribbon-like form 
than the active conductor sides as shown in Figs. 
5 and 6. 
Various alterations may be made in the present 

invention without departing from the Spirit and 
scope thereof. For example, the rectangular 
coils may be of the layer-type having a number 
of layers. A coil of several layers could be used 
so long as its thickness is held Small enough to 
permit the folding operation. Furthermore, the 
active conductors could be placed in the Slots 
without first forming the layer-type rectangular 
coils. Also more than one pair of interfaces could 
be produced within each slot of the supporting 
structure. It is to be understood that the Sup 
porting structure may be of a non-metallic ma 
terial. Alternatively, it may be made of a metal 
lic substance, either permeable or non-permeable 
as required. It is desired that any and all such 
alterations be considered within the purview of 
the present invention as defined by the herein 
after appended claims. 
Having thus described my invention, What I 

claim and desire to secure by Letters Patent is: 
1. A cathode ray deflecting yoke comprising, 

two windings energizable and disposed relative 
to one another in a manner to deflect a cathode 

Slots diametrically opposite One an- : 
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6 
ray in two different directions, said WindingShaw 
ing portions which are mutually coextensive and 
said mutual coextensive portions being formed 
so that one winding is interleaved with the other 
to create a plurality of interfaces, whereby Sub 
stantially the same number of equal and opposite 
circumferential components of flux is produced. 

2. A cathode ray deflecting yoke comprising, 
a vertical deflecting Winding and a horizontal 
deflecting winding, each of said windings having 
its conductors distributed to conform to a cylin 
drical surface such that the maximum number 
of conductors of each winding are disposed at 
points 180° apart, the number of conductors de 
creasing progressively from said maximum points 
in proportion to the cosine of the increasing 
central angle of a circle formed by a transverse 
plane of said cylindrical surface measured from 
One of said maximum points, and wherein said 
vertical and horizontal windings are interleaved. 

3. A deflecting yoke to deflect the electron 
beam in a cathode ray tube comprising, tWO 
Windings and a ring having a plurality of parallel 
slots, each winding composed of a plurality of 
discrete coils having diametrically opposite por 
tions disposed within Said ring in those of Said 
slots which are diametrically opposite, said coils 
of each winding arranged to encircle a portion 
Of Said tube such that the number of conductors 
in each slot progressively decreases substantially 
proportionally to the cosine of the increasing 
central angle in a transverse plane of said ring 
measured from the slot having the maximum 
number of conductors, and wherein said windings 
are interleaved with each other to create a plu 
rality of interfaces wherever both of said Wind 
ings are located in the same slot. 

4. A magnetic deflecting yoke for producing a 
uniform deflecting field in a plurality of direc 
tions for the deflection of a cathode ray beam in 
a cathode ray tube comprising, a plurality of 
active conductors arranged to encircle the neck 
of said tube, a portion of said conductors associ 
ated With each direction of defection. So dis 
tributed that the number of conductors of Said 
portions is a maximum at points approximately 
180° apart, the number of conductors of said por 
tions decreasing progressively in either direction 
from Said 180° points to a ninimum at points 
angularly spaced respectively approximately 90° 
from said 180° points, said progressive decrease 
in said number of conductors being proportional 
to the cosine of the increasing central angle in a 
transverse plane of said tube neck measured from 
one of said 180° points and wherein said portions 
of Said conductors are interleaved with each other 
to create a plurality of interfaces. 

5. A magnetic deflecting yoke for producing a 
uniform deflecting field in a horizontal and verti 
cal direction for the deflection of a cathode ray 
beam in a cathode ray tube comprising, a plu 
rality of active conductors arranged to encircle 
the neck of said tube, a portion of Said conduc 
tors associated with said horizontal deflection 
and the remaining portion of said conductors 
associated with said vertical deflection, said con 
ductors of each portion so distributed that the 
number thereof is a maximum at points approxi 
mately 180° apart, the number of Said conductors 
decreasing progressively in either direction from 
said points to a minimum at points angularly 
spaced respectively approximately 90 from Said 
180° points, said progressive decrease in number 
of conductors being proportional to the cosine of 
the increasing central angle in a transverse plane 



2,645,785 
ty 

of said tube neck measured from One of Said 180° 
points and wherein said horizontal deflection 
portion of said conductors is interleaved with said 
vertical deflection portion of said conductors to 
Create a plurality of interfaces between the con 
ductors and Said horizontal portion of said Verti 
cal portion. 

6. A cathode ray deflecting yoke comprising, a 
vertical deflecting Winding and a horizontal de 
flecting winding, each of said Windings having its 
conductors distributed to conform to a cylindrical 
Surface Such that the maximum number of con 
ductors of each winding is disposed at points 180° 
apart, the number of conductors decreasing pro 
gressively from said maximum points in Sub 
stantial proportion to the cosine of the increasing 
central angle of a circle formed by a transverse 
plane of Said cylindrical surface measured from 
One of Said maximum points, and wherein all the 
conductors of One of said windings are adjacent 
to each other and are interleaved with the con 
ductors of the other of said windings to create a 
plurality of interfaces between said windings. 

7. A deflecting yoke to deflect the cathode ray 
beam in a cathode ray tube comprising, two wind 
ings and a ring having a plurality of parallel slots, 
each Winding composed of a plurality of discrete 
Coils having diametrically opposite portions dis 
posed Within Said ring in slots which are di 
ametrically opposite, Said coils of each Winding : 
arranged to encircle a portion of said tube such 
that the number of conductors of each Winding 
in each slot progressively decreases substantially 
proportionally to the cosine of the increasing 
central angle of Said ring measured from the slot 
having the maximum number of conductors, and 
wherein the croSS Sectional area of each of Said 
slots is substantially a rectangle having disposed 
in diagonal corners a Substantially equal nun 
ber of conductors of one of said windings, the 
conductors of the other of said windings being 
interposed between said diagonally disposed con 
ductors. 

8. A deflecting yoke to defect the electron 
beam in a cathode ray tube comprising, two wind 
ingS and a ring having a plurality of parallei 
slots, said windings composed of a number of dis 
Crete layer-type rectangular coils of a predeter 
mined thickness, Said coils having conductors 
associated with one of said two windings inter 
posed between conductors associated with the 
other of said two windings, each of said coils 
having two opposite sides folded longitudinally 
Of the conductors to form layers of conductors of 
twice the predetermined thickness, one folded 
side of each of tWO of Said coils being disposed in 
One of Said ring slots and the other folded sides 
of said two coils being disposed in the diametri 
cally opposite ring slot, the other two sides of one 
of Said two coils being arcuately formed So as to 
define with its folded sides substantially one half 
of a cylindrical surface, and the other two sides 
of the other of Said two coils being arcuately 
formed so as to define with its folded sides Sub 
stantially the other half of Said cylindrical sur 
face, and wherein the conductors associated with 
each of Said Windings are So distributed in Said 
ring that the number thereof is a maximum in 
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8 
slots approximately 180° apart, the number of 
said conductors of each Winding in each slot de 
creasing progressively in either direction from 
said slots of maximum number in Substantial pro 
portion to the cosine of the increasing central 
angle in the transverse plane of Said ring meaS 
ured from one of said slots of maximum number 
of conductorS. 

9. A deflecting yoke as defined in claim 8 where 
in said one winding is a vertical deflecting Wind 
ing and said other winding is a horizontal de 
flecting winding. 

10. A deflecting yoke as defined in claim 8 
wherein, said slots are placed in the internal pOr 
tion of Said ring. 

11. A deflecting yoke as defined in claim 10 
wherein, said ring is composed of a metallic Sub 
stance. 

12. A deflecting yoke as defined in claim 8 
wherein, said layer-type rectangular coils have 
a single turn layer. 

13. A deflecting yoke to deflect the electron 
beam in a cathode ray tube comprising, a hori 
ZOntal deflecting winding, a vertical deflecting 
winding, and a metallic ring having a plurality 
of parallel slots disposed Within the internal por 
tion of Said ring, said deflecting Windings con 
posed of a number of discrete rectangular coils 
having a single turn layer, said coils having con 
ductors associated with Said vertical winding in 
terposed between conductorS aSSociated With Said 
horizontal Winding, each of Said coils having tWO 
opposite sides folded longitudinally of the con 
ductO'S to form a double layer of Conductors, one 
folded side of each of two of said coils being dis 
posed in one of Said ring slots and the other fold 
ed Sides of Said coils being disposed in the dial 
metrically opposite ring slot, the other two sides 
of one of said two coils being arcuately formed 
So as to define with its folded sides substantially 
one-half of a cylindrical surface, and the other 
tWO Sides of the other of Said two coils being ar 
cuately formed so as to define with its folded sides 
Substantially the other One-half of Said cylindri 
cal surface and wherein the conductors asso 
ciated with each of said windings are so distrib 
uted in Said ring that the number thereof is a 
maximum in slots approximately 180° apart, the 
number of said conductors of each winding in 
each slot decreasing progressively in either direc 
tion from Said slots of maximum number in sub 
stantial proportion to the cosine of the increasing 
Central angle in a transverse plane of said ring 
measured from One of said slots of maximum 
number of conductors. 
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