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This invention relates to television systems and 
particularly to the receiver end of such systems. 
Primarily the invention is directed to a tele 
vision receiver system utilizing anamorphosis by 
which changes in the form or relative proportions 

... or aspect ratio of the television pictures or elec 

so that the aspect ratio of picture width to pic 
ture height were other than the suggested 4 to 3 

tro-optical images, as well as the electrical and . 
the optical processes therewith associated, 
achieved, 

In television receiver systems, as now custom 
arily used, the electro-optical representation 
which is to be viewed directly, or through ap 
propriately arranged optical enlarging Systems, 
or in suitable viewing reflectors, is formed elec 
tronically from a series of substantially parallel 
lines produced by causing an intensity controlled 

se 
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cathode ray beam to traverse the luminescent 
target area of the cathode ray tube. In tele 
vision systems recently used, such electro-optical 
representations usually result from tracing a 
Cathode ray beam of substantially circular croSS 
section across the luminescent target area of a 
cathode ray tube in substantially parallel line 
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traces, with the image formed from 441 line 
traces repeated thirty times per second. Such : 
repetition rate is sufficient for the observer to 
sense continuity of image reproduction upon the 
viewing target because of optical persistence of 
vision. The produced images usually have an 
aspect ratio of such an order that the width of 
the resulting electro-optical image viewed on the 
end of the viewing tube has an aspect ratio or 
a width-to-height relationship of the order of 
4 to 3. Thus, for instance, if the cathode ray 
tube upon which the electro-optical image is to 
be produced has a circular luminescent target 
area or end portion of the order of 12' in diam 
eter, the size of the optical representation which 
is created by the impact of the cathode ray beam 
upon the viewing target will be approximately 
7 A' high by 10’’ wide. 
Thus, it can be appreciated that the utilization 

of an image reproducing tube, of a diameter suf 
ficiently great to enable a picture of the above 
suggested size to be produced, is quite substan 
tial, so that the depth of the cabinet into which 
the tube is placed must also be substantial; con 
sequently, a considerable amount of Space from 
front to back is required for a television receiver. 
Such space requirement could be substantially 
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reduced if it were possible to producf a television 
image on the tube in such manner that at least 
one of the above suggested dimensions, prefer 
ably, the height, as it is viewed, because it af. 

ratio, and yet provision could be made for en- . 
abling an observer to view the actual television 
image in the desired 4 to 3 aspect ratio. 

Accordingly, it is an object of the invention 
herein to be described to provide a suitable sys 
tem for compressing the television image in at 
least One of its two dimensions, and preferably 
its height as viewed, so as to enable the utiliza 
tion of television receiver Cabinets Which are 
shallower from front to back than WOuld be re 
quired if such television pictures had normal 
proportions prior to actual viewing. 

It is also an object of this invention to pro 
vide cathode ray image producing tubes for tele 
vision use, wherein a cross-section of at least 
the larger portions of the tube may be elliptical 
in nature, so that for the production of a tele 
vision image of a certain predetermined maxi 
mum dimension, the tube will be shallower in the 
dimension perpendicular to the Selected maxi 
mum than would be the case with the usual cir 
cular and conical construction of the flare of the 
image reproducing tube. 

It is also an object of this invention to pro 
vide a television receiving and viewing arrange 
ment for installation in a television receiver cab 
inet which will substantially reduce the Space 
requirements for television apparatus and make 
possible greater ease in handling and shipping. 
Another object of this invention is to provide 

a construction for a television receiver arrange 
ment, which may readily be adapted to Systems 
utilizing either electro-static or electro-magnetic 
systems of deflection which shall function to dis 
tort the image in its initial production of the 
luminescent target of the cathode ray tube, so 
that the image resulting is compressed in at least 
one of its two dimensions in order to enable the 
use of a shallower television receiver cabinet. 
Another object of this invention is to provide 

a scanning cathode ray beam of elliptical cross 
section capable of forming an elliptical Scanning 
spot on the luminescent target or screen, the 
eccentricity of the ellipse being Suited to the 
production of full and normal detail in the 
anamorphotic image. 

It is a still further object of this invention to 
carry on the reverse anamorphosis of the lumi 
nescent target image by Optical reflecting or re 
fracting means, so that the aspect ratio of the 
originally scanned field shall be restored in the 
picture image which is finally viewed, irrespective 

fects the depth of the cabinet, could be reduced 55 of the fact that electrical or mechanical means 
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function prior to viewing to distort the image 
deliberately in order to achieve the objective 
hereinbefore named. 
It is another object of this invention to pro 

vide a television system and a viewing tube for 
viewing the television images where the tube tar 
get area is reduced so that the force exerted on 
the end of the tube by air pressure is reduced, and 
consequently, the tube is less subject to implo 
Sions. or m 

It is a further object of this invention to pro 
vide an optical system suitable for producing en 
largements of the television images where the 
enlargement is different in each of two directions 
because of the fact that an image of one aspect 
ratio is viewed as an enlargemerit fin a different 
aspect ratio. In this way the invention provides 
for enlarging anamorphotic television images so 
as to obtain a predetermined aspect ratio in the 
final image to be viewed by the observer where 
the Original image was developed with an aspect 
ratio different from that originally viewed. 
Other and further objectives will become ap 

parent and at once suggest themselves to those 
skilled in the art to which the invention is di rected by reading the following specification in 
connection with the accompanying drawings, 
wherein Fig. 1 illustrates schematically a yoke 
Construction for use with cathode ray image pro 
ducing tubes to provide for producing a distort 
ed image in one direction. Fig. 2 represents in 
schematic form an electron gun for use in con 
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derstood that various other ors of receiver in 
strumentalities may be utilized where desired. 
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nection with a tube of the type shown by Fig. 1. 
Fig. 3 represents in schematic form the pattern 
traced on the target of the tube of Fig. 2; when 
there is incorporated with the arrangement of 
Fig. 2 a yoke construction of the type shown, for 
example, by Fig. 1, or its equivalent. Fig. 3 serves 
to illustrate schematically the electrical anamor 
phosis for compression of the picture or image 
being created on the viewing target of the tube. 
Fig. 4 illustrates one method of reversing the 
compression of the image so as to expand the 
observable image in one direction only. Fig. 5 
illustrates schematically an alternative optical 
modification of the arrangement of Fig. 4. Fig. 
6 Schematically illustrates, by way of elementary 
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diagrammatic representation, the manner in 
which the image produced on the luminescent 
target of the image reproducing tube may be en 
larged or expanded in one direction, for example, 
in height. Fig. 7a illustrates in cross-section an 
optical System for enlarging anamorphotic tele 
vision images. Related Fig. 7b is a cross-section 
of the optical system of Fig. 7a taken in a direc 
tion at 90 degrees to the showing of Fig. 7a. 
Now referring, for example, to the drawings, 

for a further understanding of this invention, it 
is to be understood that television (video or im 
age or picture) signals combined with synchro 
nizing signals, as is now well known in the art, 
may be received from any transmitting station. 
The signals are received, detected, amplified, and 
the Synchronizing and controlling signals are 
separated from the picture or video signals. Sep-- 
arated synchronizing or control signals which 
are to be used for purposes of controlling the 
vertical deflection, the horizontal defection and 
for other incidental controls, are then separated 
from each other after the initial separation from 
the picture or video signals. . 
One suitable form of receiver for accomplish 

ing the foregoing result has been claimed and de 
scribed in the Carlson U. S. Patent Reissue No. 
20700, dated April 19, 1938; but it is to be un 

O 
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The present invention does not contemplate or , 
require any special form of receiving circuit and 
is therefore flexibly applicable to substantially 
any normal television receiving circuit or Systern. 

In any event, a television syster ior repro 
ducing pictures will be assurned to embody ap 
paratus wherein picture signals are received frotra 
any suitable form of transmitter, and after Suit 
able amplification and detection, utilized in ary 
appropriate manner to control the intensity of 
the luminescent effects observatoie on the view 
ing target of the catinode ray tie. I?ay and 
various effects for controling the intensity of 
the observable effects are known, included annong 
which are the so-called grid nodulation Scinemes, 
velocity modulation schemes, beam size control 
schemes and various combinations of the forgo 
i.g. 
The specific means to produce electro-optical 

effects upon the viewing target og the cathode 
ray image producing tube for as no specific part 
of this invention, only is so ia as to become a 
part of the complete syster in Order to tilize 
the effect of suitable modulation on the vie'.7ing 
target by the cathode ray tube, it being under 
stood that modulation here refers to all for as of 
intensity control above deatified, here is cis 
tonnarily provided for any television systein a suit 
able deflecting means for causing the developed 
beam to traverse the uninescent Screen accordin 
ing to a bi-directional patter of traversa. Such 
a pattern is initially formed toy disecting the beam 
back and forth rather rapidly 8, transverse 
path relative to the uninescent 8:rget, and sia 
Inultaneously to subject the developed Cathode 
ray beam to a defection across the uininescent; 
viewing target in a direction normal to the firs; 
direction of deflection out operating at a much 
slower rate than the first defection. For is 
stance, if it be assurned that pictures are ceing 
reproduced so as to for thirty 4.4-line pic 
tures per second, but interaced , two picture 
fields per picture frame, it can be appreciated 
that the vertical defection, that is, the slower 
of the two defections, operates 6 innes per sec 
ondi, whereas the horizontal defection, that is, the 
more rapid of the two, operates at 13,230 times 
per Second. w 

In order to control the deflection of the cath 
Ode ray beam developed within the cathode ray 
tube, an elliptical yoke for providing magnetic 
deflection of the electron stream or beam is pref 
erably utilized. The elliptical shaping of the 
yoke is provided in view of the above mentioned." 
elliptical shaping of the tube made possible oy 
the production of the distorted initially gro 
duced image. However, a circula: yoke can a 
used provided the poie faces for the Wo defection 
means are brought suitaioly close to the circular 
Cross-section of the cathode ray tube and pro 
vided the strengths of the two mutually perpen 
dicular defecting felds are appropriate and ade 
quate to produce the desired vertical and aori 
ZOntal deflections in the chosen Inamorphotic 

75 

relationship. 
To deflect the electron beam in one of its two 

directions of deflection, there are provided pole 
pieces 2 and 3 about which are suitably positioned 
deflecting coils 4 and 5, preferabiy connected in 
series by means of a conductor , which has the 
end terminals 6 and 8 energized from a suitable 
Source of energy to produce a substantially saw 
tooth current wave across the deflecting coils. 
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To defect the cathode ray beam produced with 
in the tube in a direction perpendicular to the 
preceding, there is a second set of coils 9 and O 
positioned about pole pieces similar to the pole 
pieces 2 and 3. Energy is supplied to the last 
named deflecting coils by way of end terminal 
connections and 3. 
Where desired, the coils 9 and 0 on the one 

hand, and 4 and 5 on the other hand, may be 
mounted on the same yoke, or the coils may be 
mounted upon separate yokes, depending upon 
the reaction taking place between the vertical 
and the horizontal deflecting coils. In any case, 

3 
ning lines, and also parallel to the direction in 
which the resultant image is not compressed. 

0 

the assembly of the yokes, which are shown sche 
matically by Fig. 1, embrace a portion of the cath 
Ode ray image reproducing tube 4 through which 
the electron beam 30 passes after it has been pro 
jected beyond the termination of the electron 
gun from which it emanates (see Fig. 2). 
The cross-sectional area of the cathode ray 

scanning beam, as it is projected through the 
cathode ray image producing tube and subject 

20 

ed to the influence of the defecting coils, and 
thereafter, is preferably elliptical. Such an ellip 
tical cross-section beam can be produced in a 
way which will be apparent from the gun con 
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struction shown by way of example in Fig. 2. 
In Fig. 2 there is represented a rather conven 
tional illustration of a cathode ray tube 4, hav 
ing a neck portion 4a in which is supported an 
electron gun formed from a suitable electron 
emitter, one or more accelerator electrodes, and 
such control and shielding electrodes as may be 
desired. In accordance with the applied modul 
lation signals the cathode ray beam developed is 
caused to control the intensity of the luminescent 
effects resulting at the tube viewing target in 
accordance with the intensity or time of impact 
or the density per unit area of the impacting 
electrons. 

Because of the fact that the image produced 
is distorted or compressed in one of its two direc 
tions during its initial production on the lumines 
cent target of the tube, the cross-section of the 
cathode ray beam as it impinges upon the target 
also is preferably non-circular and has an ellipti 
cal configuration, as will herein be explained. 

In referring now, for instance, to Fig. 2 of the 
drawings, there is contained within the neck 4. 
of the tube 4 a cathode element 22 which may 
be of the directly heated or indirectly heated type, 
and to which electrical connections may be made 
at the terminal point 2. When the cathode 
member 22 becomes heated, electrons are driven 
off and caused to flow through the tube under the 
influence of any accelerating fields. 

Closely adjacent the cathode, according to 
known construction, the control electrode 24 is 
positioned. Control voltages, as determined by 
received signals, may be applied to the control 
electrode by way of the terminal connection 23. 
A first anode element 25, having a beam defining 
aperture 26, is then aligned with a similar aper 
ture 24a of the control electrode 24. Suitable 
operating and accelerating voltages are applied 
(from a voltage Source not shown) to the anode 
by way of the terminal connection 28. The aper 
ture 26 is preferably elliptical in nature, so as to 
restrict the electron flow through the anode to a 
cross-sectional formation which is elliptical in 
nature, with the major axis of the ellipse. parallel 
to the more rapid path of deflection of the cath 
ode ray beam as it traverses the luminescent 
target 2 of the tube, that is, parallel to the scan 
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Under such circumstances, the major axis of the 
elliptical aperture 26 is of a length which coin 
cides substantially with the diameter of the usu 
ally utilized circular aperture. The minor axis 
of the elliptical aperture 26 is related to the 
major axis in the ratio of compression or anamor 
phosis of the picture produced on the luminescent 
target 27 of the tube 4. In order to accelerate 
the developed cathode ray beam, conventionally 
represented at 30, after the beam has been de 
flected, there is provided a second accelerating 
electrode 3 to which positive voltages may be 
applied (from a source not shown) by way of the 
terminal connection schematically represented at 
32. 
By the use of the elliptical scanning spot here 

in described, the full picture detail or resolution 
is maintained along the scanning lines and also 
perpendicular thereto. Furthermore the scanned 
field or raster is smooth, that is, without visible 
Overlap or gaps between adjacent scanning lines. 
The diaphragm 29, included as a part of the 

first anode 25, preferably has an aperture open 
ing which is substantially larger than that of the 
aperture 26, but the diaphragm serves to prevent 
interaction of disturbing fields upon the beam 
formation as it enters the first anode. 
The deflecting system conventionally repre 

sented by Fig. 1 is preferably positioned about 
the neck 4a of the tube in a region interme 
diate the first anode 25 and the accelerating 
anode 3, or, where a tube of such high sen 
sitivity is not required or where greater power 
to deflect the beam is available, the deflecting 
system of Fig. 1 may be located about the neck 
of the tube intermediate the second accelerating 
anode 3 and the target 27. When the deflect 
ing system of Fig. 1 and the electrode assembly 
schematically represented by Fig. 2 are utilized 
for producing a cathode ray beam, and sweeping 
that cathode ray beam across the luminescent 
target area, 27, the image pattern or raster 
traced upon the target may be conventionally 
represented by the raster pattern shown in Fig. 
3 by the shaded lines 4 included within the 
boundary area A, B, C, D, with the scanning 
lines narrowed in proportion to the degree of dis 
tortion or anamorphosis to be produced, and the 
Scanning spot 42 serving to represent in this pat 
tern substantially the configuration of the aper 
ture 26 in the electron gun assembly. As shown 
by Fig. 3 it will be noted that the image spot 
is elliptical with the major axis in the ellipse 
parallel to the pattern sides A, B and C, D. 
For purposes of illustration, the arrow 43 

represents the rapid or horizontal deflections of 
the cathode ray beam and the arrow 44 repre 
sents schematically the slow or vertical deflec 
tions of the cathode ray beam with the individ 
ual line traces of the raster being indicated by 
the lines A. 
From the foregoing it can be seen that if sig 

nals are received in a television receiver of the 
character herein above referred to, and these sig 
nals are utilized to apply modulating voltages 
to the control electrode 24 by way of suitable 
connections to the terminal 23, and if the beam 
is deflected across the target 27 by a suitable 
deflecting System (for example that of Fig. 1) 
there will result on the viewing target 2 a pat 
tern which has one of its two dimensions, for 
example the dimension AB, undistorted and the 



4. 
other of its two dimensions, for example the di 
mension BC, substantially changed or distOrted, 
so that the observer viewing the target area 2. 
without the benefit of Suitable means to restore 
the image to its true proportions would not See 
a true likeness of the field of view scanned at 
the point of transmission to produce the Signals 
which are applied as modulations to the control 
electrode 24. It is herein to be understood that 
the distortion above mentioned is not a distora 
tion of outline but rather of aspect ratio. 

Therefore, in order to reverse the compression 
in question, there is provided in association with 
the tube f4 and the viewed target 27 a suitable 
optical system by which the image area ABCD 
may be expanded in at least one of its dimen 
sions, that is, in the directions corresponding to 
the directions AD and BC, so as to transform 
the raster or pattern into a configuration of rec 
tangular shape whose dimensions AB and BC 
shall be in the relation of 4 to 3, it being as 
sumed that the desired aspect ratio of the viewed 
image is 4 to 3. At the same time, the expansior 
would, in effect, restore the scanning Spot to its 
intended circular cross-section. 
To accomplish this purpose in one Way, there 

is placed at an appropriate distance from the 
end 27 of tube 4 upon which the image appears 
a cylindrical lens element 57, having dimensions 
adequate to cover the entire picture producing 
area of the tube, as shown, and with its direc 
trices perpendicular to the direction of previous 
anamorphotic compression of the picture image 
during its electrical production. It car toe appre 
ciated at Once that a cylindrical lens of Such 
character will not change the dimensions of the 
picture along the horizontal ines but will visibly 
enlarge the dimensions of the picture along ver 
tical lines, which was above stated to be one of 
the objects of the invention. By suitably select 
ing the index of refraction and the curvature of 
the cylindrical lens element, 57, the picture area, 
ABCD will appear to the looker to be restored 
to its original proportions. Such a picture may 
either be viewed directly or, if preferred, through 4. 
a plane mirror mounted in the receiver cabinet 
and tilted to an angle of approximately 45 de 
grees to the line of sight of the looker. Under 
such circumstances, the tube f4 is positioned 
vertically in the receiver cabinet, and Sonolunted 
that the looker views normally a picture undis 
torted along the horizontal lines but distorted 
vertically. The reflecting mirror may be of the 
general type shown and claimed in U. S. Patent 
No. 1,870,702, granted to W. K. Zworykin on 
August 9, 1932. 
With such an arrangement, if it be assumed 

that the lens 57 be mounted fairly closely ad 
jacent the luminescent target 27 of the tube 4, 
so that the produced image in the direction be 
tween points B and C or between A. and D of Fig. 
4 is within the boundaries of the same letters on 
Fig. 5, it will be appreciated that the light from 
the point C, for instance, will follow the path 
indicated between point 93 through 94 to 95. 
Also, it is apparent that there will be a path of 
light, for instance, between point C and the 
central point 96 of the lens 57 which emerges 
along the path 97. Consequently, since a simi 
lar effect takes place from the point B, an ob-. 
server will view through the lens 57 a virtual 
image between the points B and C which is an 
enlargement of line BC to the desired degree 
as indicated. 
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only two of a the existing ight paths have been 
shown. The point C is determined by the pro 
jection and intersection of the light paths , 
95 and 93, 9, which is illustrated by the draw 
ings as being at the point C. Sinaiary, light 
emanating from the point B would produce light 
waves which would converge to form a2 in age 
of that part at the point B', it is accordingly 
quite evident that the image viewed will be an 
enlargement in one direction only, or in other 
words, the dimension of the image which has 
been compressed; in its initial production is ex 
panded along one dimension only. 
Under such circumstances, it will be appreci 

ated at once that the point 95 represents the 
principal focus of the cylindrical lens at the 
point and in the plane indicated, and that the 
light wave at the point, C, or point 3, which 
passes through the optical center or optical cen 
tral direction of the iens at 96, will coratinue on 
its way undefected along the path 9. The other 
ray from the point C or 93, which is parallel to 
the optical axis of the lens will, after passage 
through the lens, pass through the focus 95 
along the path between 96 and S5. Thus, if the 
rays are projected backward, it will be evident 
that a virtual image is formed, and to an ob 
server the image of the line BC appears to be 
back and farther away from the optical axis than 
the point 93, which corresponds to the front-to 
back magnification which was herein desired. 
However, in a direction or plane at right, angles, 
the cross-section of the lens is merely an elone 
gated rectangle, and consequently the cylindrical 
lens in this direction acts only as a parallel plate 
and produces no magnification. The result of 
this type of lens arrangement is that the image 
along all lines which are parallel to the line or 
side AE is unmagnified and undistorted. 

In a modification of the invention, as shown 
by Fig. 6, an arrangement for reversing the 
image compression is schematically show. in 
this figure, the image Éd radiates light, which is 
reflected by the cylindrical concave mirror. 8, 
which is mounted in the lid 9 of the cabinet 
member 8. The axial distance of the image 4 
from the mirror 8 must be less than the focal 
length of the mirror in that plane. The iid con 
struction is preferably of the same general form, 
except for the concave feature, as shown by the 
Zworykin patent above mentioned. The concave 
mirror or reflecting surface 78 is arranged to be 
tilted about its back edge, in directions shown 
and conventionally indicated by the arrows 76 
and 77, so as to be brought into a convenient 
position to be viewed by the observer or looker, 
conventionally represented at 75. 
The remaining portion of the cabinet con 

struction embodies the video receiver and syn 
chronizing circuits, together with any desired 
Sound reproducing apparatus, as disclosed by the 
above mentioned Zworykin patent. If now, for 
instance, the screen picture 3 is closer to the 
mirror 78 than the focal length of the mirror 
in that plane of its concavity, a virtual image 
will be produced thereby and this virtual image 
will be enlarged only from front to back, but 
not from left to right. Accordingly, by suitably 
Selecting the radius of curvature of the mirror 
8, the requisite degree of front-to-back expan 

sion of the picture produced in the area 4 of the 
tube 4 may be accomplished. . 

In the arrangement disclosed by Fig. 6, the re 
ceiving instrumentality has been shown only in 

For convenient reference in this specification. 8. conventional manner and preferably embodies 
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the general feature disclosed by the Carlson 
Reissue Patent No. 20,700 above named, 
In further modifications of the invention, it 

is also possible to combine the general methods 
disclosed by Fig. 4 and Fig. 6, so that by using 
both a convex cylindrical lens near the end of 
the cathode ray image reproducing tube, and a 
concave cylindrical mirror further removed 
therefron, the combination of these optical ele 
ments for producing the desired change in the 
aspect ratio of the picture may be provided. Un 
der Such circumstances, the optical elements in 
the case may be weaker or less powerful than 
with the use of individual lens and/or reflect 
ing elements, 

In a modified form, the foregoing invention is 
particularly applicable to the production of large 
size images by virtue of optical enlarging sys 
tems. Essentially, the optical enlarging systems 
comprise a multiplicity of spaced positive lens 
elements whose powers progressively and suitably 
decrease and whose apertures progressively and 
appropriately increase in relation to the separa 
tion of the lens elements from the object or image 
as it is produced upon the end of the cathode ray 
viewing tube. 

Referring now. particularly to Fig. 7, there is 
disclosed an optical System for use in connection 
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With the production of anamorphotic television . 
images. The disclosed optical system will serve 30 
for the enlargement of such pictures and will re 
store such pictures or images to normal aspect 
ratios. The System of Fig. 7 is broadly intended 
to accomplish two results, of which the first is 
to enlarge the image area upon the end of the 
cathode ray tube beyond its original size as it is 
viewed, and, at the same time, the optical sys 
ten serves to restore such pictures to their 
original and usual aspect ratio. 
The optical arrangement disclosed by Figs. 7a 

and b can be assumed, for example, as one by 
which the original image was 4.2’ x 6.8’’, with 
the resultant enlarged image of 7.38' by 9.75'. 
The original image, with the system as disclosed 
by Figs. 7a and 7b is assumed to be produced 
with an aspect ratio of 1.62 and restored in en 
larged form to an image having an aspect ratio 
of 1.33, as is customarily used. 
Now referring particularly to Fig. 7a thereof, 

there is disclosed a cross-section of the enlarging 
System considered in a plane through the center 
of the original television picture and parallel to 
its. height. The related drawing, namely Fig. 
b, is a cross-section of the optical system in a 

plane through the center of the original picture 
and parallel to the width thereof. In each part 
of Fig. 7 there is illustrated one lens system and 
dimensions which have proven practical. The 
illustrated lens system arrangement is to be un 
derstood as being descriptive of one suitable sys 
tem, although Some slight modifications might 
be made as, for instance, each dimension might 
be multiplied by choosing some constant mul 
tiplier for every dimension and thus provide for 
larger or smaller ultimate images. 
In the showing of Figs. 7a and 7b the original 

picture may be considered as included between 
points. T and 8 and having the above assumed 
aspect ratio of 1.62, so as to make possible the 
use of a shallower tube than is customarily adopt 
ed for more normal aspect ratios. The light rays 
from the television picture first pass through lens 
A. The lens A is a cylindrical lens with its 
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paper of the drawing in Fig. 7a, but parallel 
thereto in Fig. 7b. 
The aperture 02, 22 of the lens A in the di 

rection of the drawing Fig. 7a is assumed as be 
ing 7.8'. The focal length of the cylindrical 
lens. A, which is positive, is 15'. One face of 
the lens is plane and the other has a radius of 
cylindrical curvature of 8', the index of refrac 
tion being 1,523. The thickness of the lens at 
-its center is 1.0'. 

After light rays pass through the lens A, the 
light bundle 29, 30 is bounded, in the plane 
of the paper, between the rays 33, 34, which 
are directed backward to the first enlarged image 
at 07 and indicated between the points 3 and 

4. This image need not be further considered 
at the present time for an understanding of the 
application, however, because the light bundle 
then strikes the cylindrical-spherical lens B, of 
which the planar aspect of the cylindrical com 
ponent is Schematically represented between the 
points 5, 04 and 49 in-Fig. 7a, and on which 
the Spherical portion is shown between the points 
52, fo5 and 50. The focal length of the spheri 

cal portion is 104'', with a radius of curvature 
of 54', with the index of refraction of the glass 
also being 1.523 and the thickness of the lens 
at its center being 1.5'. 
The clear aperture of the lens B in the plane 

of the paper, as it is represented by Fig. 'da, is 
90'. As will be noted, the emergent light bundle 
Or rays is indicated at 37 and 38 and appears 
to come from the final and enlarged virtual image 
of normal aspect ratio indicated at 08 and con 
fined between the points U9 and do in one of 
its dimensions. This image has a height of 7.38' 
which, for the purposes of illustration, can be 
considered as the height of the normal picture 
produced on the luminescent end target of the 
usual 12' cathode ray tube. 
In the showing of Fig. 7a, a plane mirror 

59, 60 is indicated as being located in the 
path of the emergent light rays. This is shown 
Solely for purposes of indicating convenience 
in viewing the resultant picture in the general 
manner suggested by Zworykin Patent No. 
1870,702. Furthermore, it should be understood, 
in connection with the showing of Fig. 7a, that 
While the mirror surface 59, 60 is indicated as 
having been placed beyond the lens B, it is to 
be understood that the optical system might 
readily be modified so as to locate the mirror in 
termediate the lens elements A and B without 

vention. As above mentioned, the various di 
mensions and spacings indicated by Fig. 7a are 
Solely for purposes of illustrating one form of 
optical System which has proven to be satisfac 
tory for the purposes hereinabove outlined. 

Referring now particularly to the portion of 
the disclosure shown in Fig. 7b, which represents 
a cross-section through the center of the original 
picture and parallel to the width thereof, as 
above pointed out, the other two dimensions of the 
original picture appearing on the viewing end, 
which are represented at the points 9 and 20, 
may be considered as embodying the hereinabove 
Suggested dimensions of 6.8'. In this showing, 
the planar aspect of the cylindrical lens A is set 
forth, and it may be pointed out that its clear 
aperture in the plane of the paper is 11’’. 
The cross-section of the lens B shows at its 

left the cylindrical component in cross-section. 
The lens in this direction has a focal length of 

cylindrical axis perpendicular to the plane of the 75 63' and a radius of curvature of 33', with the 
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glass index again being 1.523', as above noted. 
The right hand surface of the lens B, in Fig. 7b, 
as is represented between the points 28, iOS and 
2, is a spherical Cross-section, as hereinabove 

idescribed. The clear aperture of lens B in the 
plane of the paper is, as shown in the drawings, 
15'. The other two dimensions of the reflecting 
mirror 59,60 are shown at its and 62, which 
is the mirror shown by Fig. 7a, projected upon 
the plane of the paper, and point 65 represents 
a point thereon from which the light ray 56 
passes perpendicularly from the plane of the 
paper, assuming the mirror 59, 60, 62, 6 to 
be inclined at an assumed angle of 45 degrees to 
the optical axis of the system (see particularly 
Fig. 7a). 
Considering Fig. 7b still further, it will be noted 

that this optical system provides for enlarging 
an original picture of the size hereinabove Sug 
gested. The length dimension of the enlarged 
virtual image first produced by the lens A is rep 
resented only between the points 5 and 6; 
but the length dimension of the Second or final 
virtual image produced by the combination of 
the lenses A and B is represented between the 
points and 2. The light rays indicated at 
3 and 32, which pass from the object area of 

to the lens A, correspond functionally to the light 
rays 29 and 30 of Fig. 7a; similarly, the light 
rays 35 and 36 and 39 and 40 correspond 
functionally or associatively respectively to the 
rays 83 and 34 and 3 and 38 of Fig. a. 
From the foregoing it will be apparent that the 

system herein described is utilized in combina 
tion with television image reproducing tubes and 
provides for enlarging the developed inage in one 
direction only to produce a desired aspect ratio, 
or where desired, the image may be enlarged in 
two directions with the degree of enlargement 
or magnification different in each direction so 
that the desired aspect ratio of the viewed image 
is realizable. 

In the foregoing description it has been as 
sumed for purpose of illustration that the origi 
nal image is produced on a viewing or target area 
which is planar in nature. However, in practice, 
and especially in the manufacture of cathode 
ray tubes for use in television image reproducers, 
the end surface, of the cathode ray tube upon 
which the image is caused to appear is usually 
curved so that it is convex toward an observer 
or toward the lens system of the magnifier. AC 
cordingly, in order to compensate for this curva 
ture some slight modifications in the dimensions 
of the described optical systern may be made in 
practice. However, such slight changes will not 
introduce any new distortions, and the convex 
surface facing toward the lens system is such 
that the distortion of the magnified image, as 
viewed, is actually less than if the image were 
formed upon a planar surface. This is because 
of the fact that the so-called pin-cushion distor 
tion of the image which exists to some slight ex 
tent in such a magnifier system is reduced by the 
convexity of the original image toward the mag 
nifying lens and optical system. Furthermore, 
with regard to the permissible angle of viewing 
the image as it is magnified, the foreshortening 
of the obliquely viewed image is no greater when 
using the magnifying system with a convex in 
age than when viewing the image directly and 
without any magnifying lens System. Further 
more, because, in practice, the original image is 
usually produced upon a sightly convex surface 
toward the image enlarger, it makes possible a 75 
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somewhat better correction of image aberra 
tions in the optical system than would be possible 
in the case of the planar image. 

In the specific example of one form of optical 
system which has herein been set forth it will be 
understood that the optical system is substantially 
corrected for spherical aberration and distortion, 
such as "barrel' and "pin-cushion' effects, but 
not to any substantial extent for chromatic aber 
ration or coma, which are each negligible in ob 
taining the degree of enlargement herein sug 
gested. However, minor modifications in design 
will provide such correction where it becomes 
necessary due to increased enlargement or for 
other reasons. 

It will, of course, be obvious that many and 
various modifications in the system may be made 
without departing from the spirit or scope of the 
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invention as it is herein set forth and claimed. 
What I cairn is: 
1. A television picture enlarger comprising an 

object area having an aspect ratio changed from 
a predetermined normal aspect ratio and at least 
one anamorphic optical element, Cooperatively a S 
Sociated with Said image area, for expanding Said 
image in One dimension for restoring Said aspect 
ratio to a normal value for viewing. 

2. A television picture enlarger comprising a 
cathode ray tube having a viewing target area 
and means to produce therein an image area, hav 
ing at least one dimension thereof changed fron 
normal size and an anamorphic optical means 
cooperatively associated with said tube for ex 
panding said image in One dimension. Only for 
Viewing. 

3. In a television system, a cathode ray image 
reproducing tube having a viewing target area, 
means to produce on the target area, an electro 
optical bidimensional image having at least one 

40 division thereof reduced from normal viewing 
proportion relative to the other dimension and 
an anamorphic Optical means cooperatively ase 
Sociated with said tube for enlarging said inage 
by expanding said image in one of Said directions 
to a greater degree than in the other direction 
to produce a viewed image of predetermined as 
pect ratio. 

4. A television picture enlarger comprising a . 
target area and means to produce thereon an 
electro-optical image area, having at least one di 

. . mension thereof changed from normal viewing 
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size and an anamorphic optical means coopera 
tively associated with said image area for enlarg 
ing Said produced image by expanding Said image 
during enlargement in one direction greater than 
in another direction. 

5. in a television system, an electron tube for 
producing a bidimensional electro-optical image, 
Eneans for distorting the image in its production 
is one of its two directions only, and at least 
one anamorphic Optical means positioned sub 
stantially adjacent the produced image for dis 
torting the developed image in a sense opposite 
to that of first distortion. 

6. In a television system, an electron tube for 
producing a bidimensional electro-optical image, 
means for reducing the size of the produced 
image relative to normal viewing size in its pro 
duction in one of its two directions only, and an 
anamorphic, optical means positioned adjacent 
the produced image for enlarging the developed 
image in a sense opposite to that of first dis 
tortion. 

7. A television system comprising a cathode ray 
tube having a luminescent target area, means 
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for producing an electro-optical bidimensional 
image upon the said target area, electrical means 
for distorting the image in its production in one 
of its two dimensions, a light reflecting element 
adapted to be positioned at an angle of the Order 
of 45 degrees to the plane of the luminescent 
target for viewing the produced image, and an 
anamorphic lens element interposed between the 
reflecting member and the luminescent target for 
distorting the produced electro-optical image in 
a sense opposite to that of its distortion in pro 
duction so that an observer views the image in 
predetermined normal proportions. 

8. A television system comprising a cathode 
ray tube having a luminescent target area, means 
for producing an electro-optical bidimensional 
image upon the said target area, electro-mag 
netic means for distorting the image in its pro 
duction in one of its two dimensions, a light re 
flecting element adapted to be positioned at an 
angle of the order of 45 degrees to the plane of 
the luminescent target for viewing the produced 
image, and an anamorphic lens element inter 
posed between the reflecting member and the 
luminescent target for distorting the produced 
electro-optical image in a sense opposite to that 
of its distortion in production so that an observer 
views the image in normal proportions. 

9. A television system comprising a cathode 
ray tube having a luminescent target area, means 
for producing an electro-optical bidimensional 
image upon the said target area, electrical means 
for distorting the image in its production in one 
of its two dimensions, a light reflecting element 
adapted to be positioned at an angle of the order 
of 45 degrees to the plane of the luminescent tar 
get for viewing the produced image, and an ana 
morphic lens element interposed between the re 
flecting member and the luminescent target for 
distorting the produced electro-optical image in 
a sense opposite to that of its distortion in pro 
duction so that an observer views the image in 
normal proportions. 

10. A television system comprising a cathode 
ray tube having a luminescent target area, means 
for producing an electro-optical bidimensional 
image upon the said target area, electro-static 
means for distorting the image in its production 
in one of its two dimensions, a light reflecting 
element adapted to be positioned at an angle of 
the order of 45 degrees to the plane of the 
luminescent target for viewing the produced 
image, and an anamorphic lens element inter 
posed between the reflecting member and the 
luminescent target for distorting the produced 
electro-optical image in a sense opposite to that 
of its distortion in production S0 that an observer 
views the image in normal proportions. 

11. In a television system, a cathode ray tube 
having included therein means to develop an 
electron beam and a target area upon which the 
developed beam is adapted to impinge to produce 
luminous effects, means to control the intensity 
of the electron beam whereby the intensity of the 
luminous effects is varied so that an electro-Opti 
cal image representation results upon the lumi 
nescent target, deflecting means for causing the 
produced beam to traverse the target in bidimen 
sional patterns, means to restrict the area of 
beam impact upon the target to one of substan 
tially elliptical dimensions with the major axis of 
the ellipse corresponding substantially to the nor 
mal height of one picture line and the minor axis 
of the ellipse representing a compression in image 
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cal pattern compressed in one dimension, and an 
anamorphic optical means for expanding the pro 
duced image in its direction of distortion to pro 
duce a virtual image of the initial image of pre 
determined aspect ratio for viewing. 

12. In a television system, a cathode ray tube 
having included therein means to develop an elec 
tron beam and a target area upon which the 
developed beam is adapted to impinge to produce 
luminous effects, means, resporisive to received 
signals to control the intensity of the produced 
electron beam whereby the intensity of the re 
Sulting luminous effects is varied so that an 
electro-optical image representation results upon 
the luminescent target, deflecting means for caus 
ing the produced beam to traverse the target in 
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bidimensional patterns, electrode means to re 
strict the area of beam impact upon the target to 
one of substantially elliptical dimensions, said 
ellipse having its major axis dimension corre 
sponding substantially to the normal height of 
one picture line and its minor axis representing 
a compression in image production whereby there 
results upon the tube target an electro-Optical 
pattern compressed in one of its two dimensions, 
and an anamorphic optical means for expanding 
the produced image in its direction of compres 
sion to produce a virtual image of the initial 
image of predetermined aspect ratio. 

13. In a television system, a cathode ray tube 
having included therein means to develop an 
electron beam and a target area upon which the 
developed beam is adapted to inpinge to produce 
luminous effects, means responsive to received 
signals to control the intensity of the electron 
beam whereby the intensity of the luminous 
effects produced is so varied that an electro 
optical image representation results upon the 
luminescent target, means for causing the pro 
duced beam to traverse the target in bidimen 
sional patterns, means to restrict the area of beam 
impact upon the target to one of substantially 
elliptical dimensions, said ellipse having its major 
axis dimension to correspond substantially to the 
normal height of one picture line and its minor 
axis to represent a compression in image produc 
tion whereby there results upon the tube target 
an electro-optical pattern compressed in One of 
its two dimensions, an anamorphic Optical Sys 
tem for enlarging the produced image in each 
direction and expanding the enlargement in the 
direction of initial compression to a degree 
greater than in the other direction to produce a 
virtual image of the initial image of predeter 
mined aspect ratio, and reflector means in which 
to view the produced virtual image, . 

14. In a television system, a cathode ray tube 
for producing an electro-optical television image, 
means for compressing the television image pro 
duced in one direction only to produce an image 
having an aspect ratio substantially less than a 
predetermined normal aspect ratio, a multiplicity 
of Spaced positive optical image-forming elements 
of progressively decreasing powers and progres 
sively increasing apertures in relation to their 
Spacing from the tube to form a virtual and 
enlarged image of the television picture area, at 

70 

least one of said optical image-forming elements 
being of an anamorphic character to expand the 
produced Optical image in One direction to convert 
the produced picture of less than normal aspect 
ratio into one of predetermined increased aspect 
ratio for viewing by an observer. . . w 

15. In a television system, a cathode ray tube 
production whereby there results an electro-opti- 75 for producing an electro-optical television image, 
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means for compressing the television image pro 
duced in One direction only to produce an image 
having an aspect ratio substantially less than a 
predetermined normal aspect ratio, a multiplicity 
of spaced positive optical image-forming ele 
ments of progressively decreasing powers and 
progressively increasing apertures in relation to 
their spacing from the tube to form a virtual 
and enlarged image of the television picture area, 
at least one of said optical image-forming ele 
ments being adapted to expand the produced 
optical image in one direction to convert the 
produced picture of less than normal aspect 
ratio into one of predetermined increased aspect 
ratio for viewing by an observer, and a reflect 
ing element interposed between the image pro 
ducing tube and the observer, said reflector being 
inclined at substantially a 45 degree angle to the 
optical path of the image initially produced. 

16. A television receiver system comprising a 
cathode ray tube having means included therein 
for producing an electro-optical image having a 
predetermined aspect ratio between image height 
and image width, an optical system for enlarg 
ing the said image comprising a plurality of 
positive sphero-cylindrical and cylindrical lenses 
each separated one from the other by distances 
substantially less than their respective focal 
lengths, said lenses having progressively dimir 
ishing power and progressively increasing aper 
ture in relation to their separation from the 
image area on the tube so as to form an enlarged 
erect vertical image of the electro-optical image 
produced upon the tube and to expand the en 
larged image in one direction of width and 
height greater than in the other direction of 
width and height SO as to transform the pro 
duced electro-optical image into a vertical ignage 
having an aspect ratio different from that ini 
tially produced. 

17. A television system comprising a Cathodie 
ray tube having a luminescent target and Eleans 
to produce -upon Said target an electro-optical 
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bidimensional image having a predetermined 
distortion in One of its two directions, in COrn 
bination with an anamorphic light reflecting 
element adapted to be positioned at a predeter- . 
mined angle to the plane of the luminescent 
target for providing for viewing the image pro 
duced upon said target, said anamorphic light 
reflecting element being adapted to distort the 
electro-optical image viewed upon the target in 
a sense opposite to that of its distortion in pro 
duction, so that an observer of the said image 
in said reflector views an image of substantially 
normal proportions in each of its dimensions. 

38. A television picture enlarger for enlarging 
a real image developed upon the luminiscent 
target of a cathode ray tube in a Yianner Such 
that the real image is compressed in one direc 
tion only from its normal dimensions so as to 
provide an image having an aspect ratio Sub 
stantially of a value other than a predeterrained 
normal ratio, which comprises a multiplicity of 
spaced positive optical image-fornixg eleRients 
of progressively decreasing powers &nd progresa 
sively increasing apertures in relation to their 
separation from the real irrage producing area. 
to form a virtual and enlarged in 2ge of Said 
area, at east one of said optical elegrets having 
anamorphic properties or expanding the said 
observed image in one of said directions to 3. 
amount greater than the expansion is a direct 
tion normal thereto so as to convert the pro duced image into one having the selected normal 
aspect ratio. 

39. The television picture enlarge claimed is 
clai i8 wherein at least two of said plurality 
of enses are positioned with their optical 22e3 
ratuially perpendicalar one to the other, and 
comprising, in addition, & Stikost2.Étially plai&E 
refecting element located inter ediate the said 
two mutually perpendicular lens elements and 
in a plane at approximately 45° relative to the 
optical aris of each of said lens elements. 

Air N. GOLSE. 


