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This invention relates to picture tubes for three-
colour television systems compnsmg deflection coils and
a substantially flat screen which is substantlally at right
angles to the axis of the tube, and in which three elec-
tron beams, emanating from three electron guns arranged
at the corner points of a triangle located in a plane par-
allel to and opposite the said screen, are deflected in two
directions substantially at right angles to each other.

As is well-known, for colour television purposes, the
three beams are controlled so that each beam strikés a
determined phosphor element provided on or behind the
screen, whereby each element fluoresces in another
-colour.

In the so—called mask tube; said control is effected in
a manner such that the three beams each pass through an
aperture of the mask at relatively different angles of
incidence and then strike the blue, red and green phos-
phor elements provided in punctiform on the platé lo-
cated behind the mask. . The term “screen” is to be un-
derstood in this case to mean the above-mentioned mask
which must be struck by the three beams in each case at
substantially the same point. It is known that, even
though it is ensured by means of static convergency that
the three beams strike the mask at one point if no de-
flection currents flow through the deflection coils, the
beams upon being deflected by no means overlap each
other on the mask as a result of the aberration faults
then occurring.

In known systems, this disadvantage is obviated by the
use of dynamic convergence, whereby by means of addi-
tional deflection coils and additional convergence cur-
rents the beams are influenced individually and caused
to overlap on the mask, mdependent of the extent of the
deflection. Consequently, in this case the use of three
separate convergence circuits and three additional sets
of deflection coils is required, which is expeénsive and
causes difficulty in adjustment.

It has therefore prevmusly been suggested 'to manu-
facture picture tubes in which the three electron gins are
located in a plane containing the axis of the tube and in
which the defiection of the three electron beams in one of
the two directions is pa‘;allel to this plane. With coils
of proper structure, it is-thus possible to cause the three
electron beams substantially to overlap throughout the
mask of the p1cture tube, but such positioning of the
electron guns is attended with the configuration of the
phosphor elements prov1ded on the plate behind the mask
being such that the picture to be reproduced acquires a
linear structure, while also the space in the neck of the
picture tube must be larger than if, as is usually the
case, the three guns are positioned at the corner points
of an equilateral triangle.

The picture device accordmg to the invention miti-
gates this disadvantage and is characterized in that for
the direction of deflection which is parallel to a plane
containing two of the three guns, the meridioial 1mage
plane substantially coincides with the screéen of the pic-
ture tube and for the other direction of deflection the
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sagittal image plane substantially coincides with said
screen,

A further embodiment of the said picture device is
characterized in that, by means of dynamic convergency,
exerted only upon the electron beam produced by the
gun located outside the plane containing the said two
other guns, it is ensured that this electron beam, during
deflection throughout the screen, on the screen overlaps
the two other electron beams which, due to the coinciding
of said image planes with the screen of the picture tube,
are caused to overlap each other on the screen, independ-
ent of the extent of the deflection.

In order that the invention may be readily carried
into effect, one embodiment will now be described in
detail, by way of example, with reference to the accom-
panying drawings, in which:

Fig. 1 shows diagrammatically a deflection system in
which the points of incidence of the three electron beams
and the resultant pictures are shown;

Fig. 2 shows a possible embodiment of the deflection
coils for deflection in the vertical direction;

Fig. 3 shows a portion of the field strength to be de-
scribed hereinafter, which is produced by means of the
coils of Fig. 2;

Fig. 4 shows a possible embodiment of the deflection
coils for deflection in the horizontal direction;

Fig. 5 shows a portion of the field strength to be de-
scribed hereinafter, which is produced by means of the
coils of Fig. 4;

Figs. 6, 7 and 8 show other embodiments of the coils
in horizontal and vertical directions, and

Figs. 9 and 10 show possible circuit diagrams for con-
necting the coils of Figs. 7 and 8.

Referring now to Fig. 1, this figure shows a rectangu-
lar system of co-ordinates, wherein the z-axis represents
the axis of the picture tube and the positive z-direction is
the direction in which the electrons are travelling, whereas
x and y are the directions in which the electrons are de-
flected. In this figure, it is assumed that the electron
beams B, R and G produced by three electron guns, which
must strike the blue, red and green phosphor elements
respectively, are not yet deflected at z=Z, It is also
assumed that, by means of focussing and static conver-
gence, the three beams are adjusted so as to strike the
mask of the picture tube at the same area, that is to say
at the area x=0, y=0, z=Z,, if no current flows through
the deflection coils.

The points of incidence of the beams at the area z=2,
are also marked with B, R and G in Fig. 1 and from
this figure it appears that when reckoning with polar
co-ordinates, it is possible to indicate the co-ordinates
of incidence in the plane z=Z, by:

rg=r op=90°
rpR=r SDR.:ZIOO
ro=r oa=330°

The mask is represented diagrammatically by lines 1,
2, 7 and 10 and is located in the plane z=Z, at right an-
gles to the axis of the tube. When the three beams are
deflected, it is necessary that, upon passing through the
mask, they invariably pass through substantially one
point, independent of the extent of the deflection.

Assuming, for example, that the beams are deflected
towards the point x=X;, y=—1Y,, z=Z,. The beams
B, R and G would then all three have to pass through
this point, but as a result of aberration they pass through

the points: xp=X,+Axg (1a)
xp=X tAxg (1b)

Xa=XstAxg (1c)

Yp=—Y +Ayg (2a)

Yp=--YgtAyg (2b)

Yg=— YgtAyg (2c)
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If there is deflection only in the x-direction and if the
error in this direction has been reduced to zere (that is
to say Axg=Axg=Axg=0) then there is developed a line
instead of a point which line by definition is called a
meridional image or focal line and the plane containing
this meridional focal line is called the meridional image
plane.

If, however, upon deflection in the x-direction, the er-
ror in the y-direction has been reduced to zero (that is
to say Ayg=Ayr=Ays=0) then there is developed a
line instead of a point which line by definition is called
a sagittal image or focal line and the plane containing
this sagittal focal line is called the sagittal image plane.

Similarly, when upon deflection in the y-direction the
error in the x-direction has been reduced to zero, the
term sagittal focal line and, if the error is zero in the y-
direction, the term meridional focal line will be used.

Thus, in Fig. 1, in which also a fourth beam emanat-
ing point P is shown for the sake of clarity, upon de-
flection in the positive x-direction, line 5 is the meridional
focal line (that is to say 5 is the position of the beams
B, R, G and P located in the meridional image plane)
and line 6 is the sagittal focal line (that is to say 6 is
the position of the beams B, R, G and P located in the
sagittal image plane) whereas upon deflection in the
negative y-direction, line 8 is the sagittal focal line and
9 is the meridional focal line.

Thus one can say:

(1) In the sagittal image plane the focal line is located
in the direction of deflection,

(2) In the meridional image plane the focal line is
located at right angles to the direction of deflection.

As a rule, the sagittal and meridional image planes
are curved, non-coincident surfaces. Hereinafter it will
be shown that if, according to the invention, for deflec-
tion in the x-direction which is parallel to the plane con-
taining the red and green guns:

(1) The curvature of the meridional image plane is
reduced to zero;

(2) This meridional image plane is caused to coin-
cide with the mask;

(3) The so-called coma errors are substantially re-
duced; the red and green beams strike the mask at the
same areas independent of the deflection in the x-direc-
tion, so that only the blue beam must be caused to over-
lap on the screen the red and green beams by means of
dynamic convergence.

Similarly, it can be shown that if, according to the in-
vention, for deflection in the y-direction: ‘

(1) The curvature of the sagittal image plane is re-
duced to zero;

(2) This sagittal image plane is caused to coincide
with the mask;

(3) The so-called coma errors are substantially re-
duced; the red and green beams strike the mask at the
same areas independent of the deflection in the y-direc-
tion, so that only the blue beam must be caused to over-
lap on the screen the red and green beams by means of
dynamic convergence.

Upon deflection in a magnetic field, so-called astig-
matic errors occur, which may be determined with the
aid of the formulae:

Ar= (A X3+ B Yaz)-z-.:—zo' co8 ¢
+ (Ag+ By) XY7{—Z— sin ¢
3)

Ay=(BY2+ 4:X 25T sin o

+(Art B)X\Yogtm co8 o
4

10

15

20

25

30

35

40

46

60

65

60

(13

70

{3

4

(See for the derivation of said formulae J. Haantjes, J. and
G. J. Lubben, Philips Research Report 12, pages 46—
48, February 1957) wherein 4, and B, (n=4, 5, 6) are
integral functions of the field strength and of the de-
flection, X, is the extent of defiection in the x-direction
at the area z=2Z;, and Y, is the extent of deflection
in the y-direction at the area z=Z2,.

Zo, Zs, r and ¢ are the co-ordinates shown in Fig. 1.

When the co-ordinates of incidence for the blue beam
are substituted in the Formulae 3 and 4, the aberrations
from the Formulae 1a and 2a are:

Azn=(As+ By) X, YZ—_T_—Z— (5a)

r
Zy—2Z,

Similarly, by substituting the co-ordinates of incidence
of the red and green beams, the other aberrations are
found, viz.:

Ayp=(BiY.2+ A X 3) (6a)

r
Z—2Z,

son=—SVB(AX A+ ByY)

_r
Z.—Z,

(5b)

—%(As+ By X.Y.

Ayr= _';'(BA Y24 A4:X .’)7_{70

1 r
—5V3(4st B X.Yo—opr

(6b)
Aﬁg=‘%‘\/~§(A4X|’+B5 sZ)Z._T_Zo
1 r
—§(A5+Bs)X.Y-m
(8¢)
Ayo=—S(BiY 2+ AX 2T
Ya Qi Oty 54 7.—Z,

+—;'J§(Ao+ BX. Yoy

(6e)

Considering only the deflection in the y-direction, then
Y40 and X,=0, so that the Formulae 5 and 6 change
to:

Azp=0 (5'a)
Ayp=B.Yi5 (6'a)
1
Azp=—zV3Bs Y.ﬂ—Z'%Z: (5'b)
Ayr=—=2Bva_" (6B)
2 Zl_Zo
1
Azg= +§1/_335 Y?Zg—zz (8'c)
Aya=—sB Y 6c)
a 247,17,

From the Formulae 5 and 6’ it may be seen that, if
B;=0, the aberration in the x-direction becomes zero and
only an aberration in the y-direction subsists. Accord-
ing to the definition given hereinbefore, this is the sagit-
tal focal line and since the radius of curvature of the
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sagittal image plane, in which this sagittal focal line is
situated, is given approximately by the formula

=1

Y

it follows therefrom that, by causing B; to approach zero,
the sagittal image plane changes to a flat plane which
coincides with the mask of the picture tube.

Now, an aberration in the y-direction remains, but
this is the same for the red and green beams so that
these beams strike the mask at the same points inde-
pendent of the values of B, and Y,. By influencing the
blue beam in proportion to Y2, this beam may also be
caused to strike the mask at the same points as the red
and green beams. It thus suffices to pass a parabolic
current of the raster frequency through one set of addi-
tional deflection coils (if Y, is the deflection in vertical
direction) and the field of said coils must then act only
upon the blue beam and is directed in parallel to the
x-axis.

For the x-direction Y ;=0 and X540, so that the aber-
rations are:

Azp=0 (5"a)
Ayp= AEX'zz,:Zo (6"a)
Aa:R———\/3A4X 7 z (5''b)
Myp=—3 X3 i (6''5)
Ava=iyBAX 2T (5'"¢)
Gy “Z.—Z,
Aya= _éA"X‘zfiz‘o (6'"c)

If 4,=0, the aberration in the x-direction is again re-
duced to zero and, despite the aberration in the y-direc-
tion, the red and green beams strike the mask at the
same areas independent of the values of Az and X;. The
blue beam can again be caused to overlap the red and
green beams by passing a parabolic current of line fre-
quency (if Xj is the deflection in a horizontal direction)
through a second set of additional deflection coils, and
said coils also must produce a field directed in parallel
to the x-axis. Since in either case a field is to be pro-
duced directed in parallel to the x-axis, it suffices to use
one set of additional coils which must be traversed by
a current proportional to both X2 and Y 2.

Since, in the last-mentioned case, only an aberration in
the y-direction remains, whereas there is deflection in the
x-direction, a meridional focal line is now- concerned.
The radius of curvature of the meridional image plane,
in which the said meridional focal line is situated, may
be represented approximately by the formula

so that this meridional image plane also changes fo a
flat plane, if A;~>0, which flat plane coincides with the
mask of the picture tube.

If there is deflected in both the x-direction and the y-
direction, all that has been described above remains true,
but there is an additional aberration in both the x- and
y- directions as a result of most of the right-hand terms
in the Formulae 3 and 4. This aberration may .always
be reduced to zero by providing that the term Ag-{-Bg=0.

During deflection there also occur so-called coma-er-
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rors, which may be determined with the aid of the for-

mulae:
’ 2 r 3
M=A7X.(—Z—.:Z—o) cos? o+ AgX.(Z.__Zo) sin? o

2
+2B°Y'(Z_:—Z—) sin ¢ cos ¢
]

3 2
o) sin? -} BBY‘(Z.+Z°> cos? ¢

2
+2AgX.(ﬁ> sin ¢ cos ¢

(8)
wherein 4, and B, (n=7, 8) again are integral func-
tions of the field strength and of the deflection and the
other symbols have the same meaning as in the Formu-
lae 3 and 4.

From (7) and (8) it appears that the non-coincidencé
of the blue, red and green beams as a result of coma
errors can be obviated only if A;=Ag=B;=—Bg=0.

The requirements found above are elaborated for con-
structing the coils for said deflection system.

For obviating the astigmatism in the y-direction, it is
necessary that B;==0 or:

5)2

102y" 70 H (2 —
_§fz de _I_kZJ. X0 73 dz

!HuY(z—Zs)
n o de=0

T
=Yz

~2k
9

Hj, and Hj, are the coefficients of the power series,

)

(10)
wherein H, is the field strength in the x-direction in the
plane x=0. Hj, has the same sign (in this case assumed
as positive) along the z-axis between the values z=Z, and
z=2Z,, whereas the sign of Hj, varies between the same
values as a function of z. In this case z=Z, is the be-
ginning and z=Z2; is the end of the deflection coil system,
k is a proportionality constant and the terms Y and Y’
represent the extent of the deflection and the variation
thereof in the y-direction as given by the relations Y=Y
(z) and :

Ho=HutHup+ - - —Hu 1550 .

ay
dz
for which there applies: Y=Y’=0 if z=Z; The first
two terms of (9) provide together a positive contribu-
tion, so that the third term must provide a negative con-
tribution. For a positive Hy, Y is negative with the di-
rection of propagation of the electrons, chosen in this ex-
ample, so that, since the contribution of the deflection is
maximum at theé end of the coils, the contribution of
Hj, must also be negative at the end of the coils.

For obviating the astigmatism in the x-direction, it is
necessary that A,=0 or:

zx", = HuX (=2
w3 ~2kf HeX (20,0 1)

Hiy is a coefficient of the power series,

Y=

A4——

Hy=Hip4+ Hipa?+ . . . =Hno(1+gl—nﬁ+ . )
110

(12)

wherein Hy is the field strength in the y-direction in the

plane y=0. For Hyy, theré applies, under similar condi-

tions as for Hyy, that the sign along the z-axis remains

the same (in this case also assumed as positive) and un-
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der similar conditions as for Hyy there applies that the
sign of Hyg varies as a function of z, while X and X’
represent the extent of the deflection and its variation
in the x-direction as given by: X==X(z) and
_dX
T dz
for which there applies: X’=X=0 if z=Z,. The first
term of (11) provides a positive contribution so that the
second term must provide a negative contribution. For
a positive Hy, X is positive with the directions chosen in
this example so that Hyr, must be positive at the end of
the coils.

The conditions 4g-}Bg=0 is satisfied if

XI

o {%Hm.Y Zs HyX
Ao+ By=F fzo Tt ao— |, e
ZHyY (=2, (ZHuX(z—Z), _
o [P HmE T g, on [ HRE 2 gm0

The first two terms provide a positive contribution so
that the last two terms must provide a negative con-
tribution.

Now, Y and Y, are negative at the end of the coils
whereas X, is positive. According to the foregoing, Hira
must be positive at this area, so that the total contribution
of the third term is positive. For the fourth term there
applies X and X; positive, Y; negative, while Hy,, as ex-
plained above, is negative. The fourth term thus provides
a negative contribution and if the sum of the third and
fourth terms is to be negative, it is necessary that

|Hia| >|H1zo]
In order to obviate the coma errors, it is necessary
and sufficient that the terms A;—=Ag=B;=B;=0. Now:

4 738
B7-=-32-+k Z———H“(% ZS g, (13)
1] 5
By=1—B 19

Consequently, the condition B;=Bg=0 can never be ful-
filled but a satisfactory result is obtained if

ZHp(z—Z.)°
fzo X, de=0

If for Hy, a function is chosen as shown in Fig. 3, the
above-mentioned condition is satisfied, while Hy, pro-
vides a negative contribution towards the end of the
coils (z=2,).

Such a course of the field strength may be obtained
with a set of coils as shown in Fig. 2. These coils serve
to deflect in the y-direction and for deflection in the nega-
tive direction they must convey a current i, the direction
of which is indicated by arrows. An Hy field is produced
as given by the Formula 10 and an Hy; field as shown in
Fig. 3, since there applies with great approximation:

h =_H_m=—3+4 cos? ¢l
™ Hy oI

wherein p; and ¥ are the magnitudes indicated in Fig. 2.

{pr=constant, Y1=y1(z)}

As previously mentioned, Hy, is positive, so that, if
Hy, has to satisfy the form shown in Fig. 3, it is necessary
that k>0 in the vicinity of z=Z, and that #;<C0 in the
vicinity of z=2;, while for z midway between Z; and Z;,
it is necessary that iy=0. The last-mentioned condition
is fulfilled if ¥;=30°. For z->Z, there applies that
Yr>30° and for z in the vicinity of Z, there applies

that y<<30°.
In a similar manner it is found from
§_ ZHyys(2—Z,)°
Ay 3 k S dz (15)
Age=1—4g (16)
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8
that the condition 4;=Ag=0 cannot be satisfied, but that
in this case also it suffices if

ZHm(z—Z)%,
,[Zn v dz=0

For this purpose, a function must be chosen for Hy; as
shown in Fig. 5. In this case the last-mentioned integral
becomes zero and, furthermore, Hyr, provides a positive
contribution towards the end of the coils (z=2,;).

The course of the field strength shown in Fig. 5 may
be obtained with a set of coils as shown in Fig. 4. For
this set of coils the same is true as for the coils of Fig.
2. An H, field is produced in accordance with Formula
12 and an Hyp, field as shown in Fig. 5, since there ap-
plies with great approximation:

=Hm —3-+4 cos® Y11
Hin 381

wherein pyr and yyr are the magnitudes indicated in Fig.
4. The conditions are fulfilled if 2;7<<0 in the vicinity of
z=2Z,, hy>0 in the vicinity of z=Z, and again hy=0
approximately midway between Z, and Z;.

For this there applies ¥;;r=30° at the centre, y53<30°
for z—Z; and ¥y >30° for z in the vicinity of Zy. Fur-
thermore, it is necessary to fulfill the condition

|H12|>|Hn2|

which may be achieved if for approximately equal values
for Hy, and Hip, the angles yy and ¥y are chosen so that
there always applies |hz|>{hz).

For the sake of completeness, it is to be noted that the
shape of the halves of the coils is dependent upon the
radius p, upon the length of the coils Z;—Z, and upon
the distance to the mask Z;—Z,.

If yp is called ¥y, at the area Zy and Yy, at the area Z,
and if the angle y1y is called Yy at the area Zy and Yz
at the area Z;, then each half of the coil for the vertical
deflection (y-direction) at a distance Z;—Zy=44 cms.
from the screen of the tube acquires the dimensions:

Zy—Zi=12.5 cms.; py=3 cms.
Yn=11°30"; Y3=36°30"
For the horizontal (x-direction) this is:
Zy—Zi=12.5 cms.; pp=3 cms.
Ym=34°30"; Y1p=27°30

Another embodiment is shown in Figs. 6, 7 and 8.

In these figures, 11 and 12 indicate annular ferromag-
netic cores, which may be arranged around the neck of
a picture tube (40) and on which coils 13 to 20 are
toroidally wound which serve for deflection in the ver-
tical direction and coils 21 to 28 which serve for deflec-
tion in the horizontal direction. Ring 12 is closer to the
screen than ring 11. In Fig. 6 the z-axis is also the axis
of the picture tube, the coils 13, 14, 17 and 18 only being
shown in full lines and the coils 21, 22, 25, and 26 in
dashed lines. The three guns are shown at the left,
with the blue gun 41 located on the Y axis, and the red
gun 42 below it. The green gun 43 (see Fig. 1) is in
line with and behind the red gun 42 and will not be seen.

Figs. 7 and 8 show cross-sections of the cores 11 and
12 and in these cross-sections the orientations of the
coils and the directions of the currents are shown. Thus,
the (x) sign indicates that the current at this area flows
in the direction of the positive z-axis, whereas a (.) sign
indicates that the current at this area flows in the direc-
tion of the negative z-axis.

For these coils also there apply the formulae:

=—3+4 cos? Y1 —3+4 cos? Y1
(34 P11

wherein ¢ is half the acute angle between two coils
having the same direction of current.

hy and hxy
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In Fig. 7a, ¥1,=25° and in Fig, 7b y13=43°, whereas
in Figs. 8a and 8b the different angles are given by:

Y1=33 ° and t,bm=20°

For these values again the condition is fulfilled:
Jhy|>|hn| and the functions My, and Hy, are obtained
as shown in Figures 3 and 5. Since the cores 11 and 12
contain all the coils, for this system of deflection coils
pr==prr=p, Wherein p is the mean radius of the cores.

A possible method of circuiting the various coils for
deflection in the vertical direction is shown in Figs. 9
and 10. In these latter figures, the coils are represented
by inductor symbols and given the same reference nu-
merals as in Figs. 6 to 8. Figs. 6 to 8 show the struc-
tural arrangement of the coils relative to the tube, where-
as Figs. 9 and 10 show suitable circuit arrangements for
energizing the coils.

In Fig. 9, the coils 13 to 16 arranged on the core 11
are connected in series, as are the coils 17 to 20 ar-
ranged on the core 12. The two series-branches are
connected together at their lower ends to a terminal 32
and at their upper ends, via the variable inductance 30,
to a terminal 29,

By shifting a core 31, the sawtooth current supplied
to the terminals 29 and 32 may be distributed over the
two branches in an arbitrary manner. It will be evi-
dent that the connection to the coils must be such that
the direction of the current in each part has the proper
polarity in the direction of the z-axis. The coil 30 is
required to be adjusted so that it does not act upon the
deflection of the beams.

Fig. 10 shows another method of connecting the same
coils. In this case the two series-branches are connected
in series, a tapping between the coils 16 and 17 being
connected via a lead 36 to a tapping on a variable in-
ductance 34, The sawtooth current is supplied to ter-
minals 33 and 37 and, by shifting a core 35, the current
may be distributed arbitrarily over the various branches
so that the correct number of ampere turns for each
branch may be obtained.

The method of connecting for deflection in the hori-
zontal direction may be similar in either case.

It is to be noted that, in the example under consider-
ation, the red and green beams always coincide and the
blue beam is influenced by means of dynamic conver-
gence. However, it will be evident that it is alterna-
tively possible to cause overlapping of two other beams,
dependent upon the positioning of the deflection coils. It
is necessary only that the deflection in one of the two
directions is parallel to the plane in which two of the
three guns are located.

It will also be evident that, if the error in the x-direc-
tion cannot be reduced completely to zero, it is necessary
to apply dynamic convergence also to the red and green
beams. True, in this case, again three additional de-
flection coils are required, but the energy required for
the convergency of the red and green beams may be
considerably less than if use is made of deflection coils
which are not built up in accordance with the invention.

What is claimed is:

1. A color cathode-ray tube comprising a substantially
planar screen located substantially perpendicular to the
axis of and at one end of the tube, two electron guns
arranged at the other end of the tube spaced from the
tube axis and directed toward the screen and at which
a straight line in a plane parallel to that of the screen
joining the two guns is spaced from the axis, and a de-
flection coil system for deflecting the electron beams pro-

~duced by the two guns in two orthogonal directions,
one of said orthogonal directions extending parallel to
the said straight line joining two of the said guns, said
coil system being operable to cause the beams from said
two guns to form a linearly elongated cross-section whose
Jongest dimension is perpendicular to said one deflection
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direction and which is located in a meridional image
plane which substantially coincides with the plane of
said screen for said one deflection direction, and to form
a linearly elongated cross-section whose longest dimen-
sion is parallel to the other deflection direction and which
is located in a sagittal image plane which substantially
coincides with the plane of said screen for said other
deflection direction.

2. A three-color cathode-ray tube comprising a sub-
stantially planar screen located substantially perpendicu-
lar to the axis of and at one end of the tube, three elec-
tron guns arranged at the other end of the tube and sym-
metrically around the tube axis and directed toward the
screen and at which straight lines in a plane parallel to
that of the screen joining the three guns form a triangle,
a deflection coil system for deflecting the electron beams
produced by the three guns in two orthogonal directions,
one of said orthogonal directions extending parallel to
the straight line joining two of the said guns in the
parallel plane, said coil system being operable to cause
the beams from said two guns to form a linearly elon-
gated cross-section whose longest dimension is perpen-
dicular to said one deflection direction and which is
located in a meridional image plane which substantially
coincides with the plane of said screen for said one
deflection direction, and to form a linearly elongated
cross-section whose longest dimension is parallel to the
other deflection direction and which is located in a sagit-
tal image plane which substantially coincides with the
plane of said screen for said other deflection direction,
and convergence means acting on the beam from the
third gun in accordance with its deflection to cause it to
coincide with the other two beams at the screen.

3. A three-color cathode-ray tube comprising a sub-
stantially planar screen located substantially perpendicu-
lar to the axis of and at one end of the tube, three electron
guns arranged at the other end of the tube and symmetri-
cally around the tube axis and directed toward the screen
and at which straight lines in a plane parallel to that of
the screen joining the three guns form an equilateral fri-
angle, and a deflection coil system for producing a de-
flecting field within the tube for deflecting the electron
beams produced by the three guns in two orthogonal
directions, said tube axis corresponding to the z-axis of a
rectangular system of coordinates, one of said orthogonal
directions extending parallel to the x-axis and to the
straight line joining two of the said guns in the parallel
plane, the other orthogonal direction extending parallel
to the y-axis, said deflection system producing within the
tube a deflecting field having a y-component Hy in said
one deflection direction, as measured in the plane x=0,
determined by a power series of x2 of the form.

H
H,,=H1m(1+7{1—”x2+ . )
Fil)
and an x-component Hy in the other deflection direction,
as measured in the plane y==0, determined by a power
series of y2 of the form

Hry,
Hx= ( =y PN )
Hyf 14 ' +
and in which the integrals
Zg Zo
f "Hyp(z—2.)3dz andf Hin(z—z.)%dz
Zg Zy

are substantially zero for both field components, where
the coefficients Hyy, and Hyyy are positive and the coeffi-
cients Hy and Hyy, are functions of z, zo is the coordinate
of the end of the deflection system remote from the screen
and z, is the position of the screen in the coordinate sys-
tem, the value of the terms Hyy/Hyy=h; for deflection in

g5 the y-direction at the end of said coil system adjacent said
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screen being negative and at the beginning of said coil
system being positive, the value of the term

Hyyy/Hyrg=hxn

for deflection in the x-direction has the opposite polari-
ties and h; having an absolute value that exceeds iy,
wherein the coefficients Hyg, Hyy, Hyo and Hypp are de-
termined by measuring the x-component H; of the mag-
netic field in the plane x=0 at a particular y-point and
substituting in the equation

Hy=Hry+Hiy?

and by measuring the y-component Hy of the magnetic
field in the plane y=0 at a particular x-point and sub-
stituting in the equation

Hy=Hryo+ Hpppx?

whereby the meridional image plane for said one direc-
tion of deflection produced by said deflecting field is sub-
stantially coincident with the surface of the screen, and
the sagittal image plane for the other direction of deflec-
tion is also substantially coincident with the surface of the
screen.

4. In combination; a cathode-ray tube having a sub-
stantially planar apertured screen extending substantially
at right angles to the longitudinal axis of the tube and
three electron guns arranged symmetrically around the
tube axis for producing three electron beams directed to-
ward the screen; and electromagnetic deflection means
located between said electron guns and said screen for
producing a deflecting field within the tube for deflecting
said electron beams in two substantially perpendicular
directions, whereby said beams may be caused jointly to
scan said screen, one of said perpendicular directions ex-
tending parallel to a straight line in a plane parallel to
the screen joining two of the guns, said deflection means
including first and second ferromagnetic annular members
surrounding the tube with the second member being closer
to the screen than the first member, a first coil system for
deflecting said beam in said one direction of deflection
comprising a first set of four coils wound toroidally on
the first annular member and a second set of four coils
wound toroidally on the second annular member, a sec-
ond coil system for deflecting said beam in the other
direction comprising a third set of four coils wound
toroidally on the first annular member and a fourth set
of four coils wound toroidally on the second annular
member, two coils of each set of four coils being mounted
substantially diametrically opposite one another and
being connected so as to be traversed by deflection current
in opposite senses, whereby said deflection means pro-
duce a deflection field in which the meridional image
plane for said one direction is substantially coincident
with the surface of said screen, and the sagittal image
plane for the other direction of deflection is also substan-
tially coincident with the surface of said screen.

5. The combination set forth in claim 4 wherein the
first and second sets of coils produce a field having a
magnitude equal to

—3+4 cos? Y11
faid
which magnitude is predominately negative for the first
set and predominately positive for the second set, and
the third and fourth sets produce a field having a mag-
nitude equal to
—34-4 COSz\bI
I
which latter magnitude is predominately positive for the
third set and predominately negative for the fourth set
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wherein pr is the angle between lines drawn from the
first and second sets toward the tube axis and the said one
deflection direction, y¥; is the angle between lines drawn
from the third and fourth sets toward the tube axis and
the other deflection direction, and pyr and pr are the radii,
respectively, of the first and second annular members.

6. The combination set forth in claim 5 wherein the
coils of each set are connected in series each with a por-
tion of an impedance and the two sets and their associ-
ated portion of the impedance are connected in parallel,
said impedance being variable to control the relative
magnitude of the current through the coil sets.

7. The combination set forth in claim 5 wherein the
coils of both sets are connected in series, and all the
coils are connected in parallel with a variable impedance,
an intermediate portion of said impedance being con-
nected to the junction of the two sets of coils.

8. The combination of claim 5 wherein means are pro-
vided for acting only on the beam from the third gun for
converging it in accordance with its deflection to cause it
to coincide at the screen with the other two beams.

9. In combination; a cathode-ray tube having a sub-
stantially planar apertured screen extending $ubstantially
at right angles to the longitudinal axis of the tube and
three electron guns arranged symmetrically around the
tube axis for producing three electron beams directed
toward the screen; and electromagnetic deflection means
located between said electron guns and said screen for
producing a deflecting field within the tube for deflecting
said electron beams in two substantially perpendicular
directions, whereby said beams may be caused jointly
to scan said screen, one of said perpendicular directions
extending parallel to a straight line in a plane parallel
to the screen joining two of the guns, said deflection
means including a first pair of coil halves diametrically
surrounding the tube for deflection in said one direction.
and a second pair of coil halves diametrically surround-
ing the tube between and symmetrically relative to the
first pair for deflection in the other direction, the coils of
said first pair having a shape producing a field at which
the value

—34-4 cos? Y51
PIX

measured at the coil end adjacent the screen is pre-
dominately positive but at the beginning of the coil is pre-
dominately negative, the coils of said second pair having
a shape producing a field at which the value

=—3+4 cos? Y;
pI

at said coil ends is predominately negative but pre-
dominately positive at the beginning, wherein pyr, and pr
are the radii, respectively, from the fube axis to the
coil halves, y;; is the angle between pyy and the said
one direction, and vy is the angle between p; and the other
direction.

10. The combination set forth in claim 9 wherein the
coil halves of both pairs are trapezoidal in shape with
the first pair having its wide end adjacent the screen and
with the second pair having its narrow end adjacent the
screen.
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