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This invention relates to television receivers em- ditional light by vignetting and this effect is en-
‘ploying a cathode ray tube.and is.concerned more ‘hariced by the formation of the central .opening
particularly with a new television receiver which in the correcting plate and mounting the tube to
includes an optical system for the purpose of pro- extend through ithe opening. Because of the fac~
jecting upon a viewing screen. an enlarged image 5 fors mentioned, the prior system in a commercial
of that appearing on-the fluorescent screen of the form is constructed to operate at a speed of about
tube. The optical system of the television re- F/0.74, equivalent to an efTective speed .of about
ceiver of the invention, while of the Schmid} type,; ‘F/0.85, and with a field of about 45 degrees.
offers numerous advantages over an ordinary The present invention is directed to the Ppro~
Schmidt system in that it may be constructed to 10 vision of . hovel television receiver containing
permit an increase in speed. or aperture without an optical system, which, at considerable field

Joss of definition or to give better deﬁn_iti-on atthe angles, gives markedly superior definition to that
same speed .or aperture. .Also, in the new re=- of an ordinary Schmidi system of the same F-

ceiver, elements-of the optical system may be in- number, or, for the same definition as that given
comorated in the cathode ray tube envelope in 15 by an ordinary Schmidt system, permits an in-
‘such manner that there is less loss. of light. ¢rease in speed or aperture. The optical system

The use of optical systems in television receiv- of the new receiver may be constructed to operate

ers, employing a cathode ray tube, for the purpose at a speed of F/0.60 and, at that speed, gives con-
.of projecting upen a-viewing screen an enlarged siderably better definition than the prior system,
image of that appearing.on the fluorescent screen 20 above referred to, operating at F/0.74. In addi-
of the tube is not new, and systems of various tion, in television use, the light lost in the new

kinds utilizing lenses or spherical mirrors have system because of silhoustting and vignetiing is
been proposed for the purpose. The combination substantially less than the loss in the prior sys-
of ‘a, spherical mirror and an aspheric correcting tem,

plate counteracting the spherical aberration of 25 The optical system of the new receiver includes
the mirror, which was devised by Schmidt, is an a spherical mirror, a pair of thin shells with con=-
optical system. that is obviously-desirable for tele- centric radii and concentric on either side of the
vision purposes; because the Schmidt system has ¢enter of curvature of the mirror, and a correct-

long been known to afford clarity of definition at ing plate. Each of the shells adds a properly
speeds, and fields of view .at such speeds, that 30 chosen amoutit of negative spherical abérration

are not obtainable with refracting systems. How- to the system with a resultant drastic reduction
ever, the previous applications of the Schmidt of the positive spherical aberration of the mirror. -
system to television projection use, with which I “The mirror and the two concentric shells form a
am familiar, are open 1o .a humber .of objections perfectly symmetrical system and the spherical
and are also subject to Hmitations in perform- 35 aberration of this system is considerably less than
ance which restrict their use. that of the mirror alone. The cofrecting plate is,
In one such prior television receiver, the cath- therefore, weaker or flatter than that required

ode ray tube projects through an.-opening in: the in an ordinary Schmidt system of equal speed and
correcting plate toward the mirror and the light .  the performance at 2 given field-angle is corre-
is radiated from the rear surface of the fluores- 40 spondingly improved.

cent screen to the mirror. .As the fluorescent While the use of two shells as above described
screen radiates the major portion. of its light in gives the best results, it is possible to obtain part
the forward hemisphere, the arrangement de- of the advantages of the invention by employing
scribed operates.at.an initial disadvantage. The . a single shell. In such an arrangement, a heavier
interposition of the fluorescent.screen din such.a 45 burden is placed upon the correcting plate and,
system blocks off & large portion of the .aperture ‘Because of that, the plate must be steeper, so that

and, in order that this lost light may not illumi- definition ig sacrificed at o given speed, or, for a
nate the fluorescent screen with consequent. loss - _given standard of definition, there is a reduction

cf contrast in the final image, it is necessary to in speed or aperture. However, the use of the
prevent such action. The desired result has been 59 single shell with the mirror and correcting plate
achieved either by Torming the mirror with a cen- produces a system which is superior to an ordi-
‘tral hole of the size and shape of the Huorescent nary Schmidt system.

screen or by 2pplying an opaque dise of suitable In the preferred form of the new television re-

size and shape-to the central aren vf the:mirror. = ceiver, elements ©of the optical system are in-
The use of such expedients resultsin 5 loss of ad= 3 vorporated in ‘the faibe to form part of the tube
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envelope. Thus, one of the shells may form the
end of the tube adjacent which the fluorescent
screen is mounted and the mirror may form part
of the wall of the enlargement of the tube within
which the screen lies. When the mirror and shell
are used in the manner described, they must be
made of materials selected to withstand the tem-

peratures to which they will be exposed in the-.

processing and operation of the tube.

For a better understanding of the invention,
reference may be made to the accompanying
drawings, in which
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its radius of curvature is 4.261’’. The screen is
not concentric with the mirror and the distance
between its forward face and the mirror is 4.429°.
The opening at the center of the mirror is cir-
cular and of ‘at least the same diameter as the
diameter of the area of the screen projected on
straight lines. 'The shell |7 has the same di-

* mensions as the shell 13, but it is made of the

glass known commercially as BSC-2. With the
system of the dimensions above given, the picture
diameter on the projection screen 18 is 76.772"’,

- the distance from the correcting plate to the pro-

Fig. 1 is a diagrammatic view of the elements -

of the optical system of one form of the new
television receiver;

Fig. 2 is a longitudinal sectional view through
the optical elements and part of the cathode ray
tube of one form of the new receiver;

Fig. 3 is a diagrammatic view showing the
curvature of one face of the correcting plate of
the optical system of the new receiver, the hori-
zontal dimensions of the plate being multiplied.
© Fig. 4 is a diagrammatic sectional view of the
fluorescent screen of the cathode ray tube of Fig.
2; and

Fig. 5 is a longitudinal sectional view showing
another form of the new receiver.

One form of the new television receiver, in
which elements of the optical system form parts

of the tube envelope, is illustrated in Fig. 2 and 3
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jection screen is 96.86’’, and the magnification is
23.79 times.
As pointed out above, the purpose of the shells

. is to introduce a properly chosen amount of neg-

20

the dimensions of a specific system suitable for ~

such use are shown in Fig. 1.
The cathode ray tube of Fig. 2 has an envelope
formed with a neck {8, in one end of which are

mounted the usual cathode serving as a source of 53

electrons, the means for forming the electrons
into a beam, the control and focusing electrodes,
and the beam-deflecting device. At its other
‘end, the neck opens into an enlargement (1, one
wall of which is formed by a spherical mirror 12
silvered on its concave surface. The opposite
wall of the enlargement is formed by an optical
shell (3 which is concentric with the mirror. The
edge of the shell is connected to the outer edge
of the mirror by a frusto-conical glass section 14

and the neck. m'rror, section. and shell form an -

envelope which is vacuum-tight. A fluorescent
screen 5 is mounted within the envelope and has
& convex surface facing the mirror.

A correcting plate 16 is mounted outside the 35

envelope at the center of curvature of the mirror
and, although the plate has been illustrated as
having flat parallel faces, it is of such curvature
as to perform correcting function. The plate is,
in effect, a convex lens with asphericity superim-
posed on both faces, and the cross-sectional shape
of one face of the plate, with the horizontal di-
mensions enlarged twenty times, is shown in Fig.
3. Beyond the plate is a second optical shell 17
which is concentric with the mirror and disposed
with its concave surface facing the plate.

The dimensions of the optical system of a typi-
.cal television receiver of the invention are given
in Fig. 1, where it will be seen that the mirror
has a radius of 8.500’’ and a clear aperture of
'11.000°". The shell 13 is made of the glass known
‘commercially as “Pyrex,” because of the heat that
it must withstand, and it has an outer radius of
4.000"” and an inner radius of 3.750’’ so that its
thickness is .250”’. The shell is concentric with
the mirror. The correcting plate 16 is of the
glass referred to commercially as DBC-1 and it
has a clear aperture of 6.912’*. It is figured as
needed from a hasic radius of 249’" for each face.
The fluorescent screen has a..diameter of 3’/ and
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ative spherical aberration into the system, so that
the positive spherical aberration of the mirror is
drastically reduced and the work to be performed
by the correcting plate is also greatly reduced.
It is well known that the nearer the correcting
plate in an ordinary Schmidt system is to flatness,
the better is the performance at a given field-
angle. As the correcting plate in the optical sys-
tem of the new receiver is weaker or flatter than
that required in an ordinary Schmidt system of
equal speed, the definition of the optical system of
the new receiver is markedly superior to that of an
ordinary Schmidt system of the same F-number
at considerable field angles. Conversely, for the
same definition in the projected image, the speed
or aperture of the system of the receiver of the
invention can be increased over that of a con-
ventional Schmidt system. Another advantage
in using the shells is that the color correction for
most zones is better than in an ordinary Schmidt
system, since the positive curve on the correction
plate is always acting against the negative con-
tributions of the shells.

The shells may vary in thickness, and as their
thickness increases, the burden on the correcting
plate is reduced and a flatter plate may be used.
The shell thickness adopted represents g com-
promise between the size of the mirror and the
correction burden on the correcting plate. In-
creasing the thickness of the shells reduces the
burden on the plate and increases the mirror size
for a given focal length of the system. For a
system operating at a speed of ¥/0.60, the per-
missible upper limit in thickness of the shells
is % of the equivalent focal length, that is, % of
the distance between the center of curvature
of the mirror and the focal point. For systems to
operate at lower speeds, the thickness of the
shells may be greater, as, for example, for a sys-
tem to operate at /1, the shells may have a
thickness up to %% the equivalent focal length.

‘With shells of that maximum thickness, no cor-

recting plate is required. However, shells or less
thickness are preferred and Wlth shells of a
thickness of .25’ in the example of the system

‘deseribed, variations in correction over the aper-

ture are minimized. The shells need not be iden-
tical in thickness, but if one is thicker than the
other the overall correction by zones is im-
paired. The radius of the shells should be as
long as possible and the maximum radius is, of
course, that at which the surface of one shell
is in direct contact with the fluorescent screen.
. The glass used for the shells may have a mean

index of refraction (np) varying from about 1.4

to 1.8 and it is advantageous to employ a glass
having as low a dispersion, that is, as high a
v-value, as possible. The shells introduce nega~-
tive color which is corrected by the plate. By




making-the-sHells-of!glass>of Tow-dispersion; less

burden-is-imposed upon the-plate. The-achros:
matism-of the-shells-canbe-overcome:bys causs
ing-them- to-depart from-concentricity-with the
miirror- but; for. a- given' standard’ of defihitions;
this results-in-g-reduction-in'the-field ‘anglé.
Thie- fliorescent' sereen” in- the+ new- receiver;
which corresponds to the-photographic film:-in
an ordinary- Schmidt camera; is- approximately
spherical and-concentric' with: thie mirror. - Tle
départures from-sphericity- and: also-from- con=

centricity- are- obviously necessary; because: the-

projection screen is at a-finite distance, whereas
in-tHe+Sehmidt camera; the-corresponding: dis=

tance is infinity. The shape and position of the"

fluorescent screen will: vary; therefore; with- the
distance- between- the* correcting plate and the
projection sereen butmay be readily-determined?
Por: most projection:purposes; a-screen of-‘spheri-
cal’ shape:is suitable:but for- highest ‘precision;
the:screen will" be+formed: with the slight' zone
indicated by dotted lines in Fig. 4. The:greatest
dépth: of’ the-zone will be 0.0035’’ in a scresncof
three inch- diameter: '

In-the foregoing; I have described a-form-of the:

new télavision reeeiver in which' elements of<the
optical system are incorperated in the envelope
of thHe-cathode-ray tube:of-the: receiver-to form
walls-bounding the-evacuated space. This formy
of* receiver is preferred; since: the light striking
the mirror: cothes-from the:forward- zone- of’the
séreen: In some instances; however; it- may-be-
désirable to- construct-the ‘receiver witli the-opti=-
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calisystem whiolly independent-of the -cathode- TAY

tube-and-such an-arrangement is shown in-Fig:
In the Fig. 5 form-of the new reeeiver; the spher-
ical: mi¥ror: {9-is° provided ‘with a central-openw
ing- or- else: the central area is' covered-: by an
opadue black baffie 28! The shells 24, 22and the
correcting plate-23 ‘are-formed with central open<
ings through which the cathode ray tube-24may
be inserted with the-enlarged-end 24a of the tube
facing” thes mirror. 'Tte fluorescent screen 25
within the end. of. the. tube. is. disposed at the
proper distance fromn the mirror by reason of the
poesition.of: the tube:. The:light striking the:mir-
ror comes from the back surface:of the: screenm;
and passes. through.the.wall. of the. tube envelope
on its way to the mirror. 'The corrécting plate
must, accordingly, be designed to correct for-the
spherical aberration of the mirror -as modiffediby
the: ghells as. well as. for: the-error-introduced. by
the tube end wall, as will be. obvious. Thie -di-
ameter of the baffle. is. substantially the same: as
thati eff the screen. projected. in: straight: lines
parallel to: the axis of the system:

As pointed. out above; the materials employed
for:the shells and.correcting: plate: in the-optical
system of the new.receiver. should. be selected in
order that chromatic aberration may be reduced
as miuch: as possible, but; in- some applications;
ather . requirements. must. be fulfilled. Thus; in
3 system, such as thet shown: in Fig. 2, inv-which
the mirror-and. one shell form: parts of ‘the:en-

velope: of the. cathode: ray: tube, the mirror-and 6

shall should: be made off s material capable: of
withstanding the temperatures to:which: they-are
exposed in the- processing: and. operation of the
tube. The materials used in the correcting plate

tation on the choice of the material for the first
shell. The selection of the materials will be
clear to one skilled in the art of optical design

40
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60 cal-

-~ shell concentm ,»outsme the tube: w1th the 1efiec-

and second: shell will then Ye:-chosen:to -obtain, 0 th

the desired chromatic effects; in view-of*the limi<-

pressed” itivan- equation~ relatifig: thes lens- power
of* thersHells: and correcting plate- ta: their- dé~
siFedt dispersions-for- any-speeific-example-of the:
system.

We-claim:-

1. An- image- projéction - device: comprising: &
cathode -ray:tube-having-a fluorescent sereen-orr
whichi-a light:image i$-produced; and an-axially:
aligned~optical system:comprising a-spherical re=-
fleetor-placedito receive-light from the screen-on:
its-concave: surface, a: spherical shell-concentric
with: the- reflector; the- shell adding: negative
spheriéal aberration-to the-system to-redice:-the
positive:spherical-aberration of the reflector; and:
an-aspheric ‘correcting: plate lying outside the en-
velope-at’the-center:of ‘curvature-of ‘the: reflector
and ‘shell~in-the+path-of rays passing frem- the
refléetor: throught the-shelland: figured to-correct
for-the:residual sphierical aberration of the:coms=
bination of thereflector and shell:

27 An: image- projection- device: comprising” a
cathode ray- tubeshavinga fluorescgnt+screen ony
whii¢h-a light image-is-produced; and: an axially-
aligned optical’system- comprising-a: spherical re=
fléctor- forming part’ off the tube envelope; the:
reflector- being- placed: to-receive- light: from the
screen on-its-concave surface; a-pair-of spherical
shells: concentri¢ with thereflector-and: lying-out=
sidé' the: tube envelope- and’ with  their- concave
faces opposed; the: shells-adding-negative spheri-
cal' aberration to-the system- to-reduce the posi-
tive:spherical-aberration of ‘the-reflector; and-an
aspheric¢ correcting: plate-lying between the:-shells.
and’ figured- to- correct: for ‘the residual spherical
aberration of the-combination of the reflector and’
shells:

3: An- image- projection' dévice comprising a
cathode ray- tube, the- -envelop- of 'which has, an
end’ wall*formed of’ a; shell“of spherical curvature
with- its: concave - surface: facing- outwardly and
with & curved- fluorescent: screen-mounted: inside
the envelope adjacent the convex surface-of ‘said
end-wall; and an-optical system aligned with the.
screen, and ‘comprising a spheri¢al reflector con-
centric- with said; end wall and receiving  light
from the screen, the tube end wall adding nega-
tive spherical aberration to the system to reduce.
the positive spherical aberration, of the reflector;
and‘an aspheric correcting plate lying outside the.
tube in the path of rays: passing from the re-
flector-through the shell and figured to correct
for-the residual spherical aberration of the com-
binationof* the-reflector and the tube end wall.;

4’ An- image projection device comprising a
cathode ray tube; the envelope of which has an,
end -wall* of ‘spherical curvature with its concave
surface-facing outwardly with a curved fuores-

cent screen mounted inside the envelope. adjacent:
the; convex: surface of said;end wall, and an.cpti~
j aligned Wlth the screen and compms—

walI an_ 01 mmg pa;t of the envelope, the reﬂec-,
tor receiving: light, from: the. screen; a.spherical;

the: end wall the: shell and end ‘vall addmg nega-
tive-spherical aberration to the:system to recuce:
ositive:gphericaliaberration of ‘the: refiéctor;
andran:aspheriv correcting plate lying outside the-
tube between the end wall and shell and figured
to correct for the residual spherical aberration
of the combination of the reflector, the end wall,

and the color removal conditions can be ex- ‘i& and the shell.
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- 5. An image projection device comprising a
cathode ray tube and an aligned optical system,
the fube having an envelope, including a neck
and an enlargement at the end of the neck, and a
fluorescent screen within the enlargement, and
the system including a spherical shell forming the
end wall of the envelope enlargement and a
spherical reflector forming the wall of the en-
largement surrounding the neck, the shell and
reflector being concentric about a center of cur-
vature outside the envelope and the refiector re-
ceiving light from the screen and reflecting it
through the shell, the shell adding negative
spherical aberration to the system to reduce the
positive spherical aberration of the reflector, and
an aspheric correcting plate lying outside the en-
velope in the path of rays passing from the re-
flector through the shell and figured to correct
for the residual spherical aberration of the com-
bination of the shell and the reflector.

6. An image projection device comprising a
cathode ray tube and an aligned optical system,
the tube having an envelope, including a neck
and an enlargement at the end of the neck, and
a filuorescent screen within the enlargement, and
the system including a spherical shell forming the
end wall of the envelope enlargement and a
spherical reflector forming the wall of the en-
largement surrounding the neck, the shell and
reflector being concentric about a center of cur-
vature outside the envelope and the reflector re-
ceiving light from the screen and reflecting it
through the shell, a second shell concentric with
the first and lying at the opposite side of said

center of curvature, the shells having their con~ 3

cave surfaces opposed and adding negative spher-
ical aberration to the system to reduce the posi-
tive spherical aberration of the reflector, and an
aspheric correcting plate lying between the shells

and figured to correct for the residual spherical

aberration of the combination of the shells and
the reflector.

7. An image projection device as defined in
claim 5, in which the correcting plate lies at the
center of curvature of the shell and reflector,

8. An image projection device as defined in
claim 5, in which the fluorescent screen is aligned
with the tube neck and the opening in the re-
flector is not substantially smaller in area than
the area of the screen projected by parallel lines.

9. In an image projection device including a
cathode ray tube having a fluorescent screen ad-
Jacent the inner surface of its end wall, the com-
bination of a spherical reflector receiving light

from the screen, a spherical shell concentric with 3

the reflector and lying at one side of the center
of curvature thereof, and an aspheric correcting
plate lying outside the tube at the center of curv-
ature of the reflector and shell and in the path
of rays passing from the reflector through the
shell and figured to correct for the residual spher-
ical aberration of the combination of the shell
and reflector and for the error .introduced by
the thickness of the end wall of the tube.

10. In an image projection device including a-

cathode ray tube having a fluorescent screen
adjacent the inner surface of its end wall, the
combination of a spherical reflector receiving
light from the screen, a pair of spherical shells
concentric with the reflector and lying on oppo-
site sides of the center of curvature thereof with

«
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their concave faces opposed, at least one of the
shells lying outside the tube, and an aspheric cor-
recting plate lying outside the tube at the center
of curvature of the reflector and shells and fig-
ured to correct for the residual spherical aberra-
tion of the combination of the shells and reflector
and for the error introduced by the thickness of
the end wall of the tube.

11. An image projection device as defined in
claim 9, in which the tube extends through
aligned openings in the shell and plate and the
reflector has a central non-reflecting area aligned
with the screen and of an area not substantially
less than that of the screen projected by parallel
lines.

12. In an image projection system, a cathode
ray tube having an envelope comprising a heck
and an enlargement connected thereto, the en-
largement having an inwardly convex end wall
facing the neck, a spherical reflector forming the
wall of the enlargement surrounding the neck
and facing the end wall, said end wall being
transparent and having inner and outer spherical
surfaces which are substantially concentric with
one another and with the reflector, and a screen
on the inside of the end wall facing the neck and
reflector.

13. An image projection device comprising a
cathode ray tube having a fluorescent screen on
which a light image is produced, and an axially
aligned optical system comprising a spherical re-
flector placed to receive light from the screen on
its concave surface, a pair of spherical shells con-~
centric with the reflector and lying on opposite
sides of the center of curvature thereof with their
concave faces opposed, at least one of the shells
lying outside the tube, and an aspheric correct-
ing plate lying outside the tube between the shells
and figured to correct for the residual spherical
aberration of the combination of the shells and
reflector.

JAMES G. BAKER.
CONSTANTIN S. SZEGHO.
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