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1. 
The present invention relates to cathode ray 

tube apparatus and more particularly to an ar 
rangement for obtaining combined static and 
dynamic alignment, or dynamic alignment sepa 
rately, of the cathode ray Scanning beam in a 
cathode ray tube. . - 

In a cathode ray tube, particularly of the low 
beam velocity type, it is desirable for proper 
operation of the tube that the electrons compos 
ing the cathode ray beam approach the target 
in a direction which is substantially normal to 
the Surface of the target. This requirement 
holds for tubes in which the electrons actually 
land on the target, usually with substantially 
Zero Velocity at the time of landing, or in tubes, 
the elements of which are so biased that all of 
the electrons in the beam do not actually land 
on the target but in which some of the electrons 
are selectively deflected from the target to pro 
vide an image signal. Mechanical non-uni 
formity of manufacture and possible arbitrarily 
imposed operating conditions prevent uniform 
normal landing of the beam over all parts of the 
target electrode of the tube. At any one part of 
the target, normal incidence of the beam is ob 
tained in accordance with the present invention 
by introducing a distortion at the electron gun 
to provide a departure from normal incidence 
which is equal and opposite to the departure 
caused by non-uniformity of manufacture or by 
arbitrarily imposed operating conditions. Appli 
cation of an external field for another purpose 
is described in United States Patent No. 2,224,933, 
granted to Kurt Schlesinger on December 17, 
1940. The present invention provides for phasing 
the corrective distortion of the scanning beam so 
that normal incidence is insured for all points of 
the target. Electrical currents which produce 
this distortion may, in general, have the same 
form as the scanning currents. In some cases, 
arbitrary current configurations may be desir 
able. and the provision of such currents and their 
use is within the scope of the present invention. 
The arrangement of the present invention may 
be: employed with any cathode ray tube in which 
deflection is symmetrical about the axis and, 
also, in other tubes where there is a change in 
wave form of the deflecting currents or voltages 
to correct for distortion of the scanning pattern. 
A Common form of distortion which is corrected 
by a Wave form change is known as "keystoning.' 

For each position of the scanning electron 
beam on a cathode pray tube target there is an 
optimum value of the beam alignment as it leaves 
the electron gun. The dynamic alignment ar 
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2 
rangement or System of the invention, mentioned 
generally above, makes it possible more nearly 
to obtain this optimum value than is possible with 
conventional static alignment systems. 
The primary object of this invention is to pro 

duce normal incidence of a cathode ray beam at 
all points of a scanned target within a cathode. 
ray beam tube. 
Another object is to provide a dynamic align 

ment System for the cathode ray beam in cathode 
ray tubes. - 

Still another object is to provide a combined 
Static and dynamic alignment System for the 
cathode ray beam in cathode ray tubes. 
A further object is to provide an arrangement 

for producing a resultant magnetic flux in a 
direction substantially perpendicular to the cath 
ode ray beam of a cathode ray tube, the radial 
direction of the resultant being adjustable to 
compensate for initial misalignment of the beam 
Source and/or its associated parts. 
A still further object is to produce a periodi 

cally varying resultant field in a direction. Sub 
stantially at right angles to the cathode ray beam 
of a cathode ray tube for the purpose of accom - 
plishing static and dynamic alignment of a cath 
Ode ray, bean. . 
Other and more specific objects of the inven 

tion will become apparent and suggest themselves 
to those skilled in the art to which the invention 
is directed upon reading the following specifica 
tion and claims in connection with the drawings 
in which: 

Fig. 1 shows, conventionally, one type of cath 
ode ray tube provided with a combined static 
and dynamic alignment system in accordance 
with the invention; 

Fig. 2 is a sectional view taken on line 2-2 of 
Fig. 1, together with a schematic showing of op 
erating circuits for the combined alignment 
System; 

Fig. 3 is a sectional view of a modification; 
Fig. 4 is a sectional view of another modifica 

tion together with its operating circuits; and 
Fig. 5 is a series of curves referred to in the 

operation of apparatus embodying the invention. 
Referring for the present to Figs. 1 and 2 of 

the drawings, an alignment System in accordance 
With the invention is shown as being applied to 
a camera, tube 0. The tube (), selected for pur 
poses of illustration, is of the high sensitivity 
low beam velocity type known as the “Image 
Orthicon.' The image type of “Orthicon' is dis 
closed and claimed in the copending application 
for U. S. Letters Patent of Albert Rose, Serial No. 
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407,132, filed August 16, 1941, now Patent 
iF2,403,239. An "Orthicon' of the low bean 
Velocity type is disclosed in United States patent 
to Rose, No. 2,213,176, granted August 27, 1940, 
and “Orthicons' of the return beam type are 
ShoW in United States patents to H. A. Ians, 
NoS. 2,213,177 and 2,288,402, granted August 27, 
1940, and June 30, 1942, respectively. In the 
tube (), a target 6 is to be scanned by a low 
Velocity electron beam 8 produced by an electron 
gun '9. The target 6 may be of the type dis 
closed in the copending Rose application above 
referred to operating in conjunction with a pho 
tOcathode 5 provided in the end wall of the tube. 

Fig. includes a schematic showing of a mag 
netic deflecting yoke including horizontal and 
Vertical deflecting coils 2 and 22, respectively. 
A focusing Coil 23 surrounds the tube and pro 
Wides an axial focusing field for the low velocity 
bean. 8 in a manner which is by now well known 
and is discussed in the copending application and 
the patents above referred to. Also, the func 
tions and connections of the several electrodes 
of a tube Such as the tube 0 are disclosed in 
the patents above referred to and more par 
ticularly in a copending application for U. S. 
Tetters of Patent of Paul K. Weimer, Serial No. 
544,494, filed September 16, 1944, now Patent No. 
2,433,941. A further and more detailed descrip 
tion of the tube G, therefore, is deemed un 
neceSSary Since the present invention is concerned 
With the alignment of the beam 8 after it emerges 
Or is projected from the gun 9. 

It is preferred in a tube of this kind that the 
undeflected beam approach the target 6 at the 
center thereof or at least in the center of a de 
sired Scanning raster. It will be understood that 
electrons of the beam also may land upon the 
target with Substantially zero velocity. As point 
ed out above, non-uniformities of tube manufac 
ture can in many cases cause the undeflected 
beam to approach or land at some angle to the 
normal at a point other than the center of the 
target or the center of the scanned raster, and 
When the beam is deflected, cause the beam to 
approach the target from an angle other than 
the desired right angle. A misaligned beam 
may Still land at the center of the target if the 
latter is biased to a sufficiently positive potential. 
However, the beam possesses helical motion as a 
result of the misalignment which causes it to 
approach the target at non-normal incidence, 
So that with a normal positive bias on the target, 
the beam may fail to land because of the trans 
Verse Velocity components it possesses as a result 
Of this helical motion. 
The beam 8, as shown in Fig. 1 of the draw 

ings, is indicated as having been deflected by the 
magnetic deflecting yoke previously referred to, 
the Solid line designating the desired normal 
landing of the beam. The dashed line indicates 
a departure of the bean to an exaggerated de 
gree for the sake of illustration. Such a depar 
ture might occur because of unavoidable mis 
alignment of the tube parts during manufacture. 
The angle a indicates the degree of this de 
parture, and in accordance with the invention, 
four coils 29, 39, 3, and 32 are arranged to 
Surround the neck of the coil near the position 
Where the cathode ray beam leaves the gun 9. 
The function of these coils is to introduce trans 
Verse. Velocity components which cancel objec 
tionable transverse velocity components intro 
duced elsewhere, for example, because of beam 
misalignment. The coils 29 to 32 are arranged in 
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pairs and are carried So as to be mechanically 
rotatable as a unit in any desired manner known 
in the prior art, for example by being embodied in 
a yoke Structure Such as is used to provide de 
flection of a cathode ray beam in a “3inescope' 
Or an 'Iconoscope.' The mounting shown is ill 
iustrative and comprises a tubular member 34, 
preferably, although not necessarily, of insulating 
material which closely Surrounds the neck of the 
tube C. Means indicated as a finger piece or 
handle 36 provides for rotating the tubular mem 
ber 34 and the coils located thereon as a unit 
to give the best adjustment for obtaining the 
most uniform beam landing over the entire 
raster, Rotation of the coils 29 to. 3 as a unit 
provides "dynamic alignment' of the beam as 
this function will be referred to hereinafter, Di 
rect current is fed into the coils 29 to 32 as Well 
as alternating currents having a desired wave 
form in a manner noW to be described. 
A nulti-contract potentiometer 38 comprises 

a continuous circular resistor having Sections 39 
and which are oppositely disposed geometric 
ally. These sections are connected in parallel 
across any suitable source. 43 of direct current. 
The pair of coils 29 and 30 are joined together in 
Series and are connected to the slidable contacts 
66 and 37 over conductors 48 and 9. A choke 
coil 52 is included in the D. C. path through 
the coils 29 and 3 in Series to block out, alter 
nating currents introduced in these coils in a 
manner to be described. The pair of coils 3 
and 32 is connected to potentiometer contacts 
54 and 55 over conductors 56 and 57, this con 
nection including a choke coil 59. The contacts 
46, 7, 54 and 55 are rotatable together by any 
suitabie means such as indicated schematically 
at 6. Rotation of these contacts Will vary the 
position of the resultant field produced by the 
tWo sets of coils and continued rotation of these 
contacts will vary the phase, or Sense of the re 
Sultant. "Static alignment' is provided by chang 
ing the position and/or sense of the reSultant 
field, 
A variable resistor: 62 may be used to vary the 

current flowing through the potentiometer re 
sistors which, in turn, determines the voltage dif 
ference acroSS these resistors. 
In place of the multi-contact potentiometer, 

shown by Way of example, direct current may be 
fed into each pair of coils through variable re 
sistors and reversing SWitches. 
A Sawtooth current from the Source Which 

Supplies the coils 2, for example, is fed through 
the coils 3 and 32 in series. This may readily 
be accomplished as shown in Fig. 2 of the draw 
ings, for example, by providing a variable re 
Sistive shunt 64 across terminals E66 Which are 
in communication. With the horizontal defection 
Source for the tube 9. A condenser 68 prevents 
shortcircuiting of the direct current path through 
the coils. A vertical sawtooth wave applied to 
terminals 0 is fed to the cois 29 and 30 under 
control of a shunts connected variable resistor 
72. A condenser 73 prevents short circuiting 
of the D. C. path through the coils 29, and 30. 

In operation of the arrangement disclosed in 
Figs. 1 and 2 of the drawings, the pair 29 and 30 
and the pair 3 and 32 of coils are mechanically 
rotated as a unit to an approximate rotational 
position previously determined by successive 
approximations for best beam landing at the 
edges of the target. In general, for like tubes the 
rotational position of these dynamic alignment 
coils should not have to be altered appreciably 
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in going from tube to tube, other things relevant 
to the tube operation remaining unchanged. 
The rotational position of the resultant of the 

flux set up by the coils 29 and 30 and the coils 
3t and 32 provides for static alignment and this 
resultant is adjusted electrically by means of the 
multi-contact potentiometer 38 to give the best 
operation at the center of the target. The cen 
ter operation of the undeflected beam is further 
improved by varying the current through the 
coils by changing the setting of the variable re 
sistor 62. The magnitude of the sawtooth cur 
rent in the coils3f and 32 which produces a flux 
to serve for horizontal dynamic alignment pur 
poses is adjusted for the best operation at the 
edges of the target. This adjustment is per 
formed by changing the setting of the variable 
resistor 64. The edge operation is further im 
proved by suitably adjusting the magnitude of 
the sawtooth current component in the coils 29 
and 30. This is accomplished by adjusting the 
resistor T2. The steps set forth immediately 
above are repeated until the best over-all opera 
tion is obtained. v . . . . 

Referring to Fig. 5 of the drawings and con 
sidering either the horizontal or vertical deflec 
tion voltage wave as being shown by curve 76, 
when this wave or the deflecting effect on the 
cathode ray beam of the flux produced by this 
wave passes through zero, then in a theoretically 
perfect tube 0 of the type shown in Fig. 1, the 
beam will be at the geometrical center of the 
raster which is to be traced on the target 6. 
Moreover, the beam will approach or land on 
the target from a direction normal thereto. 
Curve 78 indicates the current, or its magnetic 
effect on the cathode ray beam, which is sup 
plied to a pair of coils, either coils 29 and 30 or 
coils 3 and 32, simultaneously with the wave 
represented by the curve 6. The point on the 
wave. 8 which corresponds with the Zero point 
of the deflection wave 76, is given a value which 
is determined by the degree of static misalign 
ment of the beam and is positive or negative de 
pending upon the direction of displacement of 
the point at which the scanning beam impinges 
relative to the center of the scanned raster. 
This change in polarity or phase is accomplished 
by rotating the contacts of the "potentiometer 
38, the magnitude of the displacement of the 
curve 78 being determined by adjustment of the 
resistor 62. Movement of the entire yoke by the 
handle 36 accomplishes mechanical rotational 
alignment for the dynamic alignment system. 
The angular position of the potentiometer con 
tacts accomplishes rotation of the resultant field 
which provides static alignment as a result of 
the application of the sawtooth Waves. 

Fig. 3 of the drawings indicates an arrange 
ment in which both the static alignment Sys 
tem comprising a pair of coils 8 and 82 and the 
dynamic alignment System comprising two pairs 
of coils 84 and 85, and 86 and 87 are rotated ne 
chanically. The static alignment coils 8 and 82 
may be mounted upon a tube or yoke 89 which 
may be rotated by a handle or thumb piece 9. 
The dynamic coils 84 to 87 are carried by a 
yoke Comprising the tubes 98 and 95 rotatable 
Upon movement of a thumb piece or a handle 
98. The coils 8 and 82 are supplied with di 
rect current which may be varied at will for ad 
justment in any suitable manner. The coils 86 
and 87, corresponding to the coils 29 and 3) of 
Fig. 1, are fed from the vertical sawtooth input, 
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2 for adjusting the strength of the field produced 
by the sawtooth current in these coils. The coils 
84 and 85 likewise carry an adjustable current 
derived from the horizontal sawtooth input. 

It will be seen that the arrangement of Fig. 
3 provides a pair of coils, namely coils 8 and 
82, for static alignment with mechanical rota 
tion of this separate pair and mechanical rota 
tion of the two sets of dynamic alignment coils 
as a unit. , . . . 

Fig. 4 of the drawings shows an arrangemen 
which is similar to Fig. 3 except that electrical 
rotation of the static alignment field is provid 
ed by a pair of coils 0 and ( , operating in 
conjunction with an associated pair of coils iO2 
and 03: The resultant field produced by these 
two pairs of coils is rotated by adjustment of a 
multi-contact potentiometer 6 similar to the 
potentiometer 38 of Fig. 2. A variable resistor 
08 provides for independent, adjustment of the 

magnitude of the resultant field which provides 
static alignment of the beam. Dynamic align 
ment is provided by a pair of coils 9 and 0 
operating in conjunction with a pair of coils 
and 2. The coils, 9 and correspond to 
the coils 86 and 8 of Fig. 3, while the coils . 
and 2 correspond to the coils 84 and 85 of Fig. 
3. A finger piece or handle 6 serves to rotate 
the dynamic alignment coils as a unit. 
While magnetic arrangenents for Securing 

static and dynamic alignment have been shown by 
Way of example, it Will be understood that volt 
age deflection plates rather than coils Inay be 
used. These plates will be located in the same 
region as the coils, several examples of Which 
have been described above, and will preferably 
be short as compared with the distance between 
two successive focal points of the beam. A set 
of oppositely disposed plates may be employed 
to which is fed the vertical deflecting sawtooth 
voltage wave after amplification in an ampli 
fier having a readily operated gain control. 
Likewise, a cooperating pair of oppositely dis 
posed plates displaced 90° from the plates hav 
ing the vertical deflecting signal applied there 
to would be provided. The horizontal defect 
ing signal is fed also by way of a controlled am 
plifier to these cooperating plates. Both sets 
of plates are preferably rotated as a unit. 
Having now described the invention, what is 

claimed and desired to be secured by Letters Pat 
ent is the following: 

1. In combination, a cathode ray tube having a 
target and means for producing and directing a 
cathode ray beam toward said target, means for 
producing scanning defection of said beam to 
cover a bidimensional pattern, means for insuring 
the landing of said beam when a deflection effect 

60 

70 

is absent at substantially the center of said target 
Whereby said bidimensional pattern will be cen 
tered upon said target comprising means for pro 
ducing a beam influencing field transversely of 
Said tube, means to change the direction of said 
field, and means to change the polarity of said 
field. 

2. The combination of claim 1 wherein means 
to change the strength of said beam influencing 
field are present. 

3. In combination, a cathode ray tube having 
a target and means for producing and directing 
a cathode ray beam toward said target, means 
for producing scanning deflection of said beam to 
COVer a bidimensional pattern, means for insur 
ing the landing of said beam at Substantially the 

With means, such as the means 72, shown in Fig. 75 center of said target whereby said bidimensional 
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pattern Will be centered. With respect to said tar 
get, opposed pairs of coils to provide a resultant 
magnetic field transversely of said tube, connec 
tions for energizing said pairs of coils, and a 
multi-contact potentiometer included in said 
connections for reversing the direction of the 
Current flowing in said coils and for controlling 
the strength thereof whereby to alter the direc 
tion and polarity of said resultant transverse 
field. 

4. In combination, a cathode ray tubehaving a 
target, and means for producing and directing a 
Cathode ray beam toward said target, means for 
producing Scanning deflection of said beam to 
cover a bidimensional pattern, means for insur 
ing the landing of said beam at substantially the 
center of said target whereby said bidimensional 
pattern Will be centered upon said target con 
prising: opposed pairs of coils to provide a mag 
netic field transversely of said tube, an opera 
tive connection for energizing said pairs of coils 
With unidirectional current, means for supplying 
one pair of coils with alternating currents of a 
Wave form similar to that Which produces one 
component of the bidimensional pattern, means 
for supplying the other pair of coils with alter 
nating current of a Wave form similar to that 
which produces the other coordinate of the bidi 
mensional pattern whereby to add in insuring 
perpendicularity of Said beam to said target at 
all points of the bidimensional pattern. 

5. In combination, a cathode ray tubehaving a 
target and means for producing and directing a 
cathode ray beam toward said target, means for 
producing scanning deflection of said beam to 
cover a bidimensional pattern, two pairs of op 
positely disposed coils, each pair of coils being 
positioned on an axis substantially at right an 
gles to the axis, of the other pair of coils, a 
mounting for Said coils Surrounding said tube and 
being rotatable with respect thereto, terminal 
connections for Supplying Said coils with unidi 
rectional current whereby the locus of the scan 
ning pattern of the beam with respect to the 
target may be adjusted, said pairs of coils being 
rotatable as a unit whereby the portion of the 
beam adjacent to the target is brought normal 
to the target at the edges of the target. 

6. In combination, a cathode ray tube having 
a target and means for producing and directing a 
Cathode ray beam toward said target, means for 
producing Scanning deflection of said beam to 
cover a bidimensional pattern, two pairs of oppo 
Sitely disposed coils, each pair of coils being posi 
tioned on an axis Substantially at right angles to 
the axis. of the other pair of coils, means for sup 
plying one pair of coils, with alternating currents 
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of a Wave form similar to that which produces 
one coordinate of the scanning movement, and 
means to Supply the other pair of coils with 
alternating current of a wave form similar to that 
which produces the other coordinate of scanning 
movement of the beam whereby to insure per 
pendicularity of the beam with respect to the 
target. 

7. In combination, a cathode ray tube having a 
target and means for producing and directing a 
Cathode ray beam toward said target, means for 
producing Scanning deflection of said beam to 
cover a bidimensional pattern, two pairs. of oppo 
Sitely disposed coils, each pair of coils being 
positioned on an axis Substantially at right an 
gles to the axis of the other pair of coils, a 
mounting for Said coils surrounding said tube and 
being rotatable with respect thereto, terminal 
connections for Supplying said coils with uni 
directional current whereby the locus of the scan 
ning pattern of the beam with respect to the tar 
get may be adjusted, means for supplying one 
pair, of Coils With alternating currents of a wave 
form similar to that which produces one coordi 
nate of the scanning movement of the beam, 
means to provide the other pair of coils with 
alternating currents of a wave form similar to 
that which produces the other coordinate of 
Scanning movement of the beam, said pairs of 
coils being rotatable as a unit with said mount 
ing whereby the portion of the beam, adjacent 
to the target is brought normal to the target, at 
the edges of the target, the magnetic-components 
produced by said alternating currents in said 
coils further influencing the angle of approach of 
Said beam to said target adjacent the edges. of 
said pattern. 

STANLEY W. FORGUE. 
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